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ABSTRACT
The effect of certain organochlorines on 
reproduction in chickens (Gallus domesticus) and mallard 
ducks (Anas platyrhynchos) was investigated by adminis­
tering the test chemicals in the diet.
Seven-month-old New Hampshire chickens were fed a 
ration containing 100 ppm of either £,£' -DDT, o,£'-DDT, 
£,£'-DDE or 10 ppm of dieldrin for 12 weeks. Each 
treatment was administered to 12 hens and 2 roosters held 
in a group pen. All organochlorines fed appeared in eggs 
unchanged, except £,£'-DDT. About 20 per cent of the total 
residues in eggs of hens fed £,£'-DDT appeared as £,£'-DDE, 
and about 3 per cent as £,£' -DDD. At the end of the 
experiment, 18 per cent of the administered level of 
o ,£'-DDT was detected in eggs while about 80 per cent of 
the other organochlorines fed were present.
Statistical analyses of data on eggshell thickness, 
carbonic anhydrase activity of uterine tissue, calcium 
content of the femur, egg embryonation, egg hatch and 
chick survival revealed no significant differences between 
treated and control birds.
One hundred 6-month-old individually caged White 
Leghorn hens were placed according to eggshell strength
xi
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into 25 blocks of 4 treatments (control, £,£'-DDE at 100 
ppm, £,£'-DDT + dieldrin at 50 + 5 ppm, and Aroclor 1221 
at 100 ppm). No statistically significant differences 
were observed in eggshell thickness or strength, number 
of deformed eggs, egg production, or carbonic anhydrase 
activity of uterine tissue between treated and control 
hens during the 13 week experimental period. Certain 
hens had a natural propensity to lay deformed eggs 
regardless of the organochlorine fed.
Mallard ducks (147), held in groups of 5 hens and 
2 drakes per pen, were fed either £,£'-DDE (40 ppm) ,
Aroclor 1221 (100 ppm), or the control ration for 25 
weeks. The 3 treatments were composed of 5 replicates of 
1-year-old ducks and 2 replicates of 2-year-old ducks.
After 25 weeks the 2 organochlorines had accumulated 
in eggs at about 2.5 times the rate being fed. Shell 
thickness of eggs laid by ducks fed £,£.'-DDE for 21 and 
25 weeks were significantly thinner (-21.3 and -23.1%, 
respectively) than that measured in the control or 
Aroclor 1221 treatment. There was no significant differ­
ence in shell thickness between 1- and 2-year-old ducks.
Shell weight of eggs laid by ducks fed either 
£,£'-DDE or Aroclor 1221 for 22-25 weeks was significantly 
reduced (-25.5 and - 8%, respectively), when compared to 
eggs from control hens.
xii
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Neither organochlorine significantly affected egg 
volume or density. However, egg weight was significantly 
reduced (-7.2%) in ducks fed £,£'-DDE.
The calcium content of eggshells based on shell 
weight was significantly decreased in ducks fed either 
£,£'-DDE (-27.3%) or Aroclor 1221 (-9.6%).
Observed egg production of 1- and 2-year-old ducks 
held in group pens was significantly decreased by feeding 
either £,£'-DDE or Aroclor 1221. However, when 1-year-old 
ducks were held in individual cages that prevented them 
from breaking and/or eating their eggs, egg production 
between the 2 treatments and the control was not 
significantly different. Based on theoretical calculations, 
there appeared to be an egg loss of 0.05 and 0.21 egg/hen/ 
day in the Aroclor 1221 and £,£'-DDE groups, respectively, 
when they were held in pens. Egg production in older 
ducks appeared to be affected by the 2 organochlorines to 
a greater degree than in younger ducks.
Differences in embryonation and hatch of eggs, and 
survival of ducklings were not significantly different 
between the 2 treatments and the control. However, out of 
60 eggs incubated, the control group of eggs had a total 
of 35 live ducklings while the Aroclor 1221 group had 30 
and the £,£'-DDE group 24.
xiii
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INTRO DUCTIO N
Since their introduction in the 19 40's, 
organochlorine insecticides have become virtually 
universal contaminants of the world's environment, often 
including ecosystems in remote areas. The residues de­
tected most are DDT and its metabolites, especially DDE.
Within the last 5 years, polychlorinated biphenyls 
(PCB's) have been shown to occur widely in nature 
(Anonymous 1966). These organochlorine compounds are 
similar to DDT in many respects such as exhibiting high 
lipoid solubility and resisting metabolism. These 
properties cause organochlorines to be biologically magni­
fied often resulting in accumulation of extremely high 
residue levels in organisms at the top of food chains 
such as birds of prey.
The significance of organochlorine residues is 
poorly understood in general. However, a principal concern 
is the possibility that organochlorines may in part be 
causing the dwindling reproductive success and the decline 
in populations of birds of prey such as eagles, ospreys, 
and peregrine falcons and of estuarine species such as 
pelicans and egrets. Evidence includes (1) the generally 
higher residues of organochlorines in these species than
1
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in others, (2) the coincidence of timing of population 
declines with large-scale treatments, and (3) in Great 
Britain, an association of declines with areas of pesti­
cide use. (Ratcliffe 1963, and Lockie and Ratcliffe 1964) .
Numerous ideas have been proposed concerning the 
mechanism(s) by which organochlorines may possibly affect 
bird reproduction. Ratcliffe (1967, 1970) attributed the 
decline of the peregrine falcon in Great Britain to failure 
of females to lay eggs and to the laying of thin shelled 
eggs. Reproductive failures in declining populations of 
British raptors in general were characterized by Ratcliffe 
(19 58, 19 60) as being due to egg breakage, egg-eating by 
the parents and egg disappearance. Hickey and Anderson
(1968) found a 19% decrease in peregrine falcon eggshell 
weight in the 19 47-52 period in examining 1729 blown eggs 
in United States' museums that were collected from 
1880 to 1967.
Bitman et al. (1969) listed several possible mech­
anisms by which organochlorine residues may affect egg­
shell thickness and hence reproduction. These were (1) 
stimulation of hepatic microsomal enzymes that degrade 
estrogen and other hormones associated with calcium 
metabolism, (2) inhibition of medullary bone deposition,
(3) inhibition of the parathyroid gland, (4) inhibition 
of the thyroid gland, (5) inhibition of calcium absorption
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3from the intestine, (6) inhibition of carbonic anhydrase 
activity in the shell rming gland, and (7) abnormal 
stimulation of the nervous system resulting in premature 
extrusion of eggs.
The purpose of this research was to ascertain the 
effects of selected organochlorines on reproduction in 
chickens (Gallus domesticus) and mallard ducks (Anas 
platyrhynchos). Parameters compared among control and 
treated birds were egg production, egg embryonation, egg 
hatch, eggshell thickness, eggshell strength, eggshell 
weight, egg weight, egg volume, egg density, survival of 
chicks and ducks for 14 days after hatching, carbonic 
anhydrase activity of the uterus, and calcium content 
of the femur and eggshell.
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REVIEW OF LITERATURE
Relationship Between Organochlorine Residues and Population 
Declines in Birds
Acute mortality of wild birds caused by the 
spraying of DDT and other organochlorines is well 
documented (Benton 19 51, Mitchell et al. 1953, Barker 
1958, Hickey and Hunt 1960, Bernard 1963, Wurster 1965, 
and Hunt 1969), and population declines following such 
applications have been observed (Robbins and Stewart 19 49, 
Robbins et al. 1951, Hoffman et al. 1958, and Hunt 1960) . 
Reichel et al. (1969) suggested that the death of 2 bald 
eagles was due to pesticide poisoning based on tremors, 
depletion of fat reserves and critical residues of 
dieldrin or DDT plus DDD in the brains.
However, most wildlife researchers are much more 
concerned with the relatively unknown long term effects 
of organochlorine residues on bird populations than they 
are with acute mortalities. Acute mortalities of birds 
tend to be localized and the overall effects on population 
trends are relatively insignificant.
The decline of the peregrine falcon in Great 
Britain is attributed to increasing concentrations of 
residues in the body. Egg-eating is a common occurrence
4
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and was first noticed in 1951 (Ratcliffe 1963).
Wright (1965) found a statistically significant 
inverse correlation between the breeding success of the 
American woodcock and the quantity of DDT applied annually 
to the habitat during a 6-year period. There was also a 
highly significant difference in the proportion of young 
between the unsprayed and the sprayed areas (Wright 1960).
Lockie and Ratcliffe (1964) reported an increase 
in nonbreeding pairs of Scottish golden eagles from 3% in 
1937-60 to 41% in 1961-63. During the same period, broken 
eggs increased from 14 to 36% and the number of pairs 
rearing young decreased from 72 to 29%. The decline in 
breeding success of eagles in West Scotland was attributed 
to dieldrin residues ingested with contaminated mutton 
carrion, as high breeding success was maintained when 
dieldrin levels in eggs were low (Lockie et al. 1969) .
Fyfe et al. (1969) attributed the decline of 
prairie falcons by 34% in Canada to organochlorine 
insecticide residues, principally DDE, heptachlor epoxide 
and dieldrin.
Broley (1958) found evidence that drastic declines 
of bald eagle populations in Florida as early as 19 47 were 
due to effects of pesticides. Pesticides have also been 
attributed to the decline of the osprey on the Atlantic 
coast from New Jersey to Maine(Peterson 1969).
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6Hickey and Anderson (1968) stated that although 
other chemicals may contribute to population declines, 
organochlorines are the major cause of the decline of 
the bald eagle in Florida, osprey in New Jersey, pere­
grine falcon in California, and the herring gull in 
Wisconsin. These authors and Porter and Wiemeyer (1969) 
attributed reproductive failures in several raptor pop­
ulations in the United States and Western Europe to 
persistent organochlorines. The regions of population 
decline coincided with areas where persistent pesticides 
such as DDT and dieldrin were widely applied (Peakall 1970).
The number of nesting pairs of ospreys in the 
Connecticut River colony has declined at an average rate 
of 31% since 1960. The maximum known population was 200 
pairs in 19 38 and this had dropped to 12 pairs by 1965.
The varying amounts of residues in eggs resulting 
in low reproductive success in different species suggests 
that susceptibility varies widely between species (Wurster 
and Wingate 19 6 8) .
Ratcliffe (1967) found a correlation between 
exposure to persistent organic pesticides and frequency 
of egg-breakage, scale of decrease in eggshell weight, and 
subsequent status of breeding population of the peregrine, 
sparrowhawk and golden eagle.
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PaaJcall (1970) termed the decline of raptorial 
birds in Europe and North America with their symptoms as 
a "raptor-pesticide syndrome".
Since Jensen (Anonymous 1966) in Sweden reported 
the presence of PCB's (polychlorinated biphenyls) in 
wildlife tissues, residue chemists and wildlife biologists 
have become concerned because of its widespread occurrence 
in nature. The biological magnification of this compound 
in nature has been demonstrated (Jensen et al. 1969).
PCB's (Aroclor^ are a series of chlorinated biphenyls and 
chlorinated polyphenyls used as insulators and as sealants. 
They are also used as a component or extender in elasto­
mers, adhesives, paints, lacquers, varnishes, pigments and 
waxes (Monsanto Technical Bull. 0-FF/1).
Aroclor 1242 fed to chicks at 100 ppm was slightly 
toxic; at 200 ppm it was moderately toxic, and at 400 ppm 
high mortality and extensive pathology occurred within 
4 weeks. Symptoms and gross pathology were similar to the 
"toxic fat" syndrome (McCune et al. 1962).
Aroclor 1254 fed to Bengalese finches was about 1/3 
as toxic as jo ,£' -DDT based on the LDjq . However, £,£'-DDT 
has a steep mortality curve while Aroclor 1254 has a much 
more gradual one, demonstrating that at low dosage rates 
(18 mg/kg/day), Aroclor 1254 may have a comparatively 
greater toxicity than similar amounts of DDT (Prestt et al.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 9 7 0 )  .
Several other chemicals and factors have also been 
suggested as contributing to population declines in wild 
bird populations. In Swedish birds (pheasants, partridges, 
pigeons, goshawks and common buzzards) lethal and sub- 
lethal mercury poisoning were reported. Adverse effects 
on hatchability of pheasant eggs containing mercury 
residues of 1.3 to 2.0 ppm was also evident (Borg et al. 
1966) . Lead poisoning of a golden eagle in Switzerland 
has been reported (Herren 1969).
Some eyries of peregrine falcons in Switzerland 
occupied for many years have been abandoned becaitse of 
noise and human disturbance such as campers, climbers, 
etc. (Herren 1969). Shooting of the osprey and the eating 
of the chicks and eggs and other means of human distur­
bance are reported as being responsible for a population 
decline in the northwestern coast of Baja California 
(Kenyon 19 47). Diseases such as Newcastle disease and 
infectious bronchitis are known as a cause of thin-shelled 
eggs (Ratcliffe 19 70). Godfrey (19 70) attributed the de­
cline of certain bird species in Canada to such causal 
factors as: grazing and agriculture caused the decline
of the greater prairie chicken; shooting and destruction 
of their habitat reduced populations of the whooping crane 
and the greater sandhill crane.
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Organochlorine Residues in Eggs and Tissues of Birds
DDT residue accumulation in the eggs and fat of 
domestic poultry has been shown to be related to dietary 
levels (Draper et al. 1952, Cummings et al. 1966).
Liska et al. (1964) found that broilers retained 
more DDT residues in their tissues than laying hens be­
cause the latter have a mech&nism for excreting fat 
soluble contaminants through the egg yolk. Smith et al. 
(1969) fed 400 ppm DDT to Japanese quail for 30 days and 
recovered in the egg yolk residues of 78 ppm DDE and 141 
ppm DDT; after 60 days of feeding they found 184 ppm DDE 
and 358 ppm DDT in the yolk.
Japanese quail fed 10 ppm £,£'-DDE for 50 days had 
8.5 ppm in eggs on the 50th day. Quail fed 50 ppm for 60 
days produced eggs containing 57.5 ppm. At the same dose 
and time DDD appeared at much lower levels in the eggs.
DDD at 10 ppm in the feed resulted in eggs that contained 
0.9 ppm at the 64th day, and at 50 ppm there was a steady 
level of about 3.5 ppm from the 6th to the 57th day 
(Ames 1966).
Japanese quail fed 100 ppm of £,jd'-DDT or o,j>'-DDT 
in the diet contained 20 times more residue of £,£'-DDT 
than o,£'-DDT in lipid tissue suggesting a faster metabolic 
rate of the latter isomer. About 10% of the total 
pesticide residue in eggs and tissues was £,£'-DDE
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1 0
(Bitman et al. 1969).
The insecticide £,£'-DDT can be converted directly to 
£,£'-DDD in rat livers (Datta et al. 1964) and in grackles 
(Walley et al. 1966). It is likely that the £,£'-isomer 
can undergo similar conversion (Moats and Moats 19 70) . 
Mallards fed 25 ppm o,£'-DDT for 10 weeks had very low 
levels of the parent compound and o, £'-DDD in the liver 
and breast muscle. There was also no evidence of isomeric 
transformation to £,£'-DDT or its metabolites (Lamont et 
al. 1970).
However, French and Jefferies (1969) administered 
250 mg o,£'-DDT orally to homing pigeons and recovered in 
breast muscle and fat £,£'-DDT and £,£'-DDE demonstrating 
the similarity in breakdown route between birds and 
mammals of an isomeric conversion of o,£'-DDT to £,£'-DDT. 
They also emphasized the need of anaerobic conditions as 
in a carcass for the postmortem breakdown of o,£'-DDT and 
£,£' —DDT to £,£' and £,£'-DDD, respectively. Bitman et al.
(1969) fed £,£'—DDT to quail and found £,£'-DDT at levels 
significantly above background.
Donaldson et al. (1968) found that reduction of 
tissue synthesis by starvation caused DDT residue concen­
tration to increase relative to concentration in tissue 
from fed chicks.
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Nineteen to 37% of dieldrin administered to 
pheasants at levels of 2 and 4 mg per week was excreted 
via the egg yolk demonstrating that egg-laying is a large 
factor in the ability of a female pheasant to excrete 
dieldrin (Lamb et al. 1967).
Graves et al. (1969) found that dieldrin accumu­
lated rapidly in the eggs of hens fed up to 5 ppm 
gradually approaching plateaus at the 10th to 14th weeks 
and remaining more or less constant during the remainder 
of the experiment.
The presence of organochlorine compounds in eggs 
and tissues of birds under natural field conditions has 
been rather widely studied, Mussehl and Finley (1967) 
found DDT residues in eggs and progeny of blue grouse 
1 year after spraying a forest and higher than the pre­
spray levels in the fat 2 years after spraying. Brown 
pelican eggs from California contained 39-135 ppm £,£'-DDE, 
0.3-2.4 ppm £,£'—DDD, 0.6 to 4.6 ppm £,£'-DDT, 0.07 - 0.5 
ppm o ,£'-DDT, 0 - 0 . 2  ppm o,£'-DDD and some PCB compounds 
(Lamont et al. 19 70).
The most common and abundant of all organochlorine 
insecticide residues in British birds was £,£'-DDE. Small 
quantities of or£'-DDT and £,£'-DME were found in a few 
specimens (Walker 1966).
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Coincidental with dimishing reproduction by the 
Bermuda petrel is the presence of DDT residues averaging 
6.4 ppm in its eggs and chicks. Residues in bald eagle 
eggs averaged 10.4 ppm and this species also showed 
declining reproduction and population (Stickel et al.
1966) .
Of 36 prairie falcon eggs analyzed, DDE was the 
largest residue component and was present in all eggs; 
heptachlor epoxide, DDD and £,£'-DDT were also present in 
all eggs (Fyfe et al. 1969).
Vermeer and Reynolds (19 70) found widely varying 
levels of DDE in eggs of different species of aquatic 
birds in the prairie provinces of Canada. Much less 
amounts of dieldrin was found in the eggs, again varying 
rather widely between species.
Bald and golden eagles found sick or dead in 18 
states and Canada during 1964-65 were examined for pesti­
cide- residues. DDE, DDD and dieldrin were found to be 
present in all samples of bald eagle carcasses, and were 
considerably higher than in golden eagles. This probably 
reflects the differences in food habits. The diet of the 
bald eagle consists .mainly of fish and birds whereas the 
diet of the golden eagle is composed primarily of mammals. 
Bald eagle samples contained a range of 0.3 to 9 3.1 ppm 
£, £ '-DDE in the carcass and as much PCB (Reichel et al. 1969).
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Analysis of starlings collected from 128 sampling 
sites throughout the United States in 1967-68 revealed 
the presence of DDT and its metabolites and dieldrin in 
all samples (Martin 1969).
Nationwide monitoring of organochlorine pesticides 
in wings of more than 24,000 mallards and black ducks 
bagged during 1965-66 showed DDE (ranging from none de­
tected to 5.31 ppm) to be the predominant residue, about 
2 to 5 times higher than those of DDT followed in order by 
DDT, DDD, dieldrin and heptachlor epoxide (Heath 1969).
Bald eagle eggs collected in 1968 from Wisconsin, 
Maine, and Florida all contained unknown amounts of PCB 
compounds, £,£'-DDE (mean of 4.8-21.8ppm), £,£'-DDD (0.3 
to 0.8 ppm), dieldrin (mean of 0.2-1.4 ppm and heptachlor 
epoxide (mean of 0.02 ppm); many also contained traces of 
DDT (Krantz et al. 1970) .
Sixty-nine bald eagles found moribund or dead in 
25 states during 1966-68 contained residues of undeter­
mined levels of PCB's and £,£'-DDE in all samples? 
dieldrin (trace to 22.3 ppm in the carcass) residues were 
found in 68 and DDD (trace to 79.2 ppm in the carcass) in 
64 samples. The kidney of an immature male eagle con­
tained a low level of lead and 130 ppm of mercury while 
the carcass contained 59 ppm of mercury (Mulhern et al. 
1970) .
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Eggs of herring gulls collected in Wisconsin 
contained 9 81 ppm DDT and metabolites in "live" eggs and 
10 72 ppm in dead eggs on a dry weight basis. DDE was the 
predominant organochlorine present, being 872 ppm in 
"live" eggs and 919 ppm in dead eggs, respectively 
(Keith, J .A. 1966).
Keith, J.O. (1966) collected dead fish-eating 
birds in California from areas of no known pesticide usage 
and found substantial amounts of DDT, less of toxaphene 
and very little dieldrin in the samples.
Hunt (1966) reported a field-collected pheasant egg 
from Richvale, California contained 1020 ppm DDT, and the 
average DDT content in fat of the birds from the same area 
to be 741 ppm.
In the Netherlands, birds of prey, especially fish- 
eating birds, have accumulated relatively large amounts of 
dieldrin, lindane, and DDT in their tissue (Koeman and 
van Genderen 1966).
Similarly in Britain the birds of prey, the heron, 
and the great crested grebe contained higher residues of 
certain organochlorine pesticides than omnivorous or 
herbivorous species (Prestt 1966).
Black duck eggs collected in 1964 in the Atlantic 
Flyway had a DDE content of 0.4 to 5.5 ppm, DDT content of 
0.3 to 4.1 ppm and a dieldrin content of less than 0.1 to
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0.5 ppm, respectively (Reichel and Addy 1968).
Samples of cormorant and pelican eggs from the 
Canadian prairie states and provinces in 1965 showed 
residues of dieldrin, £,£'--DDE (10.4 ppm in cormorant and 
1.7 ppm in pelican eggs) and PCB's (8 ppm in cormorant 
and 0.6 ppm in pelican eggs) to be present in all the 
egg pools (Anderson et al. 1969).
Marine organisms such as mussel and herring seal 
showed varying levels of DDT plus metabolites and PCB to 
be present. Eggs of white tailed eagles contained 1000 ppm 
DDT + DDE + DDD and 540 ppm PCB in their fat, while 
guillemot eggs contained residues about half as high 
(Jensen et al. 1969).
Hickey (1971) reported a mean of 2160 ppm DDE, 2224 
ppm PCB, and 13 ppm dieldrin on a lipid-weight basis and 
some BHC and mercury in herring gull eggs from Sister 
Island, Lake Michigan. Red-breasted merganser eggs 
collected there 1 year earlier had almost 10 times less 
residue. The PCB residues were generally comparable with 
those of DDE. Dieldrin seemed to be generally related to 
DDE in distribution, although the residues were much lower. 
Residues of DDE seemed to vary greatly both among and 
between species.
Vermeer and Reynolds (19 70) suggest that the inter­
specific differences in DDE residues to be due to different
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food habits on the breeding and/or non-breeding grounds.
Prestt et al. (19 70) report that PCB residues in 
livers were highest in fresh-water fish-feeding birds and 
some contained up to 900 ppm. Bird-feeding raptors had 
levels of up to 70 ppm in the liver.
Effects of Organochlorine Residues on Bird Reproduction
Scientists have suggested several mechanisms that 
may explain how organochlorine residues affect bird repro­
duction. Eggshell thinning (Ratcliffe 1967, Hickey and 
Anderson 1968), inhibition of carbonic anhydrase activity 
in the shell gland (Bitman et al. 1969), decreased egg 
production (Ratcliffe 1970), lowered fertility (Cramp et 
al. 1964), decreased egg hatchability (Heath et al. 1969) 
and decreased survival in clutches hatching from contam­
inated eggs (Koeman et al. 1967) constitute some of the 
major suggested causes of bird population declines. Other 
factors that have been suggested as being responsible for 
population declines are: heavy metal (mercury, lead,
cadmium) contamination of birds (Lofroth and Duffy 1969), 
stress caused by chemical pollutants (Ratcliffe 19 70) , and 
shooting and disturbance by man (Kenyon 1947, Hopper 1969, 
Godfrey 1970).
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Eggshell Thinning
■ w M a N a H M M I I i n N M M  M a M M M W r n M C h
Declining raptors (bald eagle in Florida, osprey 
in New Jersey, peregrine falcon in California) were found
to have about 18% reduction in eggshell weight while in
stationary populations (red-tailed hawk, golden eagle and 
great horned owl in California, osprey in Maryland- 
Virginia, peregrine falcon from New Hampshire to New 
Jersey) there was little or no change in shell weight. In
herring gull eggs there was a significant (p = .01)
negative correlation between shell thickness and DDE 
residue levels (Hickey and Anderson 1968) .
Brown pelican eggs collected from South Carolina and 
Florida in 1969 exhibited significant (P = .01) decreases 
in weight and thickness of eggshells when compared to those 
collected prior to 1947 (Blus 1970). Similarly thickness 
of pelican and cormorant eggs from Canada in 1965 showed a 
reduction of 4.5 and 8.3% respectively, compared to pre- 
1940 collections (Anderson et al. 1969). A decrease in 
shell weight of 17% was observed in brown pelican eggs 
collected from Florida in 1950 and 1953, 20% in eggs from 
Texas, and 26% in eggs from California, respectively, 
compared to pre-1943 eggs (Anderson and Hickey 19 70).
In the upper lake states the major post-1946 egg­
shell changes occurred in great blue herons, red-breasted 
mergansers, and common mergansers; statistically
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significant change in shell thickness or thickness index 
was observed in 8 out of 13 species examined (Hickey 19 71).
Japanese quail fed a low calcium diet containing 
100 ppm £,£'-DDT produced significantly smaller eggs than 
those on 100 ppm o,£*-DDT or on a similar control diet.
Quail fed jo,£'-DDT had 15.6% broken eggs as compared to 
11.1% in the control group. Both compounds produced eggs 
of significantly lower shell calcium, and thinner shells 
than the control group. This decrease in shell thickness 
was more pronounced in the treated groups as successive 
eggs were laid (Bitman 19 70).
Ratcliffe (1967) reported decreases in eggshell 
thickness and their correlation to DDT and related organ­
ochlorine compounds.
Bitman et al. (1969) found good correlation between 
percentage shell calcium and shell thickness, and also be­
tween beta backscatter counts and both thickness and 
calcium content.
Prairie falcon eggshell thickness was found to 
decrease as DDE residue levels increased (Fyfe et al. 1969). 
Similar results were obtained in great blue heron eggs with 
DDE on a wet-weight basis; no correlation was found with 
DDE on a dry-weight or lipid-weight basis. Neither was 
there any correlation between shell thickness and PCB 
residues in the eggs (Vermeer and Reynolds 19 70).
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Hickey (1971) examined 18 species of birds and 
found a significant correlation between DDE and shell 
thickness and thickness index in eggs of only the common 
egret.
DDE fed to mallard ducks at 40 ppm caused shells to 
be 13% thinner than normal. The thin shells cracked 
readily; cracking, detectable after 1 month of dosage 
reached 25%. DDD did not cause demonstrable changes in 
shells. DDT in a concentration of 25 ppm induced signifi­
cant thinning of shells and resulted in 18% cracked eggs. 
Shells produced by birds receiving DDE, and 25 ppm of DDT 
yielded beta backscatter counts 13% below those of control 
eggs, the same percentage difference found in measurements 
of shell thickness (Heath et al. 1969).
Field studies and laboratory experiments suggest 
that the thinning of eggshells does not increase in direct 
proportion to the DDE dose; a content of 75 ppm in the egg 
reduces the shell thickness by more than 20%, and beyond 
that, as the dose increases the decrease in shell thick­
ness is more gradual. DDE when injected into a ringdove 
shortly before it laid its egg caused a marked decrease in 
eggshell thickness, while dieldrin did not exhib: uch
an effect (Peakall 1970).
Enderson and Berger (1970) found a highly .ifi- 
cant difference in shell index between control and
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dieldrin-treated prairie falcons whose eggs averaged 41.5 
ppm. Dieldrin (Lehner and Egbert 1969) at levels of 1.6, 4, 
and 10 ppm caused significant decreases in eggshell thick­
ness of mallard ducks.
Anderson et al. (1969) have suggestive evidence that 
PCBs affected eggshell thickness in cormorants and white 
pelicans, although to a lesser extent than DDE.
Japanese quail (Tucker and Haegele 19 70) were found 
to produce eggs whose shell was 9% thinner than normal when 
fed a single oral dose of 500 mg/kg Aroclor 1254. Mallard 
ducks fed 1000 mg/kg of the same compound laid eggs with 
18% thinner shells.
Field-collected eggs of cormorants revealed that 
£,£'-DDE and PCBs were closely related to changes in egg­
shell weight and thickness. However, Anderson et al. (1969) 
stated that DDE has a greater effect on shell thickness 
than PCBs.
Bitman et al. (1969) classified Japanese quail as 
susceptible and resistant, and noted that resistant quail 
produced only 4 to 6% broken eggs whether on control, 
£,jd'-DDT or o,£'-DDT impregnated diet, while 21 to 32% of 
eggs produced by susceptible quail were broken.
However, Jefferies (1969) reported that the 
administration of DDT at levels ranging from 0 to 300 ug 
per day to Bengalese finches resulted in production of eggs
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whose percent shell to total egg weight was greater than 
that in control birds.
There is evidence that the fungicide Arasan can 
cause the production of malformed or soft-shelled eggs in 
poultry (Johnson et al. 1955) . Swanson et al. (1955) 
demonstrated decreased shell thickness, and malformed eggs 
in poultry receiving diets of 22 and 50 ppm Arasan; at 
200 ppm eggs without shells were laid.
Ziram and Zineb (Picco 1962) also can cause laying 
of thin-shelled or eggs without shells.
Also decreases in shell thickness can be caused by 
stress and diseases such as infectious bronchitis and 
Newcastle disease (Ratcliffe 19 70). Heuser and Norris 
(1946) showed differences in egg breaking strength when 
poultry were fed different sources of calcium in the 
ration; oyster shell was superior followed by calcite, with 
ground limestone being the poorest. Romanoff and Romanoff 
(1949) list several factors influencing shell thickness in 
poultry: heredity, environmental temperature, nutrition,
and position of egg in laying cycle.
Tyler and Geake (1963) concluded that about 30% of 
the shell strength can be ascribed to thickness when impact 
methods are used, and about 50% when crushing methods are 
used. Other factors such as crystal structure and organic 
material in the shell may be involved in shell strength.
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Bitman et al. (1969) list several possible mechanisms by 
which organochlorine compounds may affect eggshell thick­
ness: stimulation of hepatic microsomal enzymes;
inhibition of medullary bone deposition; inhibition of the 
parathyroid gland; inhibition of the thyroid; inhibition 
of calcium absorption from the gut; inhibition of carbonic 
anhydrase activity in the avian shell-forming gland, and 
abnormal stimulation of the nervous system resulting in 
premature extrusion of eggs.
Carbonic Anhydrase Activity
Carbonic anhydrase is a zinc-protein compound where 
zinc forms the active part of the'.enzyme molecule (Keilin 
and Mann 1940). This enzyme is found in erythrocytes, re­
nal cortex, and gastric mucosa of mammals, shell-forming 
epithelium of mollusks, gills of fish, and non-chloroplas- 
tic cytoplasm of green leaves. In the uterine epithelium 
of the oviduct of laying hens and mantle of mollusks, it 
controls deposition of calcium carbonate (Davis 1961).
In the shell gland it catalyzes the formation of carbonate 
ions utilized in calcium carbonate deposition of the 
eggshell (Common 19 41, Gutowska and Mitchell 19 45, and 
Bernstein et al. 1968). In addition to the hydration of 
carbon dioxide to bicarbonate it also catalyzes the reverse 
dehydration reaction (Bernhard 1969).This enzyme is considered
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essential in the process of shell formation by many 
authors (Benesch et al. 1944, Gutowska and Mitchell, 1945) .
Torda and Wolff (1949) found human blood carbonic 
anhydrase activity to be inhibited in the presence of 
convulsant agents such as acetylcholine, camphor, DDT, 
digitoxrn, pentamethylene tetrazol, picrotoxin, schilliro- 
side, strychnine and ouabain in concentrations of 1 x 10“  ^
M and less, the greatest inhibition being on the average 
of 54%. Webb (1966) found carbonic anhydrase from spinach 
leaves to be inhibited by mercury, silver, and permanga­
nate, and that of beet leaves to be inhibited by arsenic.
It is also strongly inhibited (Keilin and Mann 19 40) by 
potassium cyanide, hydrogen sulfide, and sodium nitrite; 
thi? inhibitory effect of cyanide was completely reversible, 
and a concentration of 4 x 10” ^M inhibited carbonic 
anhydrase almost 85%. Davis (1961) reported inhibition of 
this enzyme by silver, gold, copper, mercury, valine, and 
zinc ions.
Mann and Keilin (1940) found sulfanilamide to be a 
very powerful inhibitor of carbonic anhydrase exhibiting 
marked effect even in a concentration as low as 2 x 10“^M. 
Sulfanilamide administered to chickens caused production 
of eggs without shells, or with very thin and pitted 
shells. The inhibitory effect on carbonic anhydrase by 
this compound is completely reversible; the effect on
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shell formation disappeared completely after all the 
sulfanilamide had been eliminated (Benesch et al. 1944) .
Acetazolamide reduced the carbonic anhydrase 
activity in the shell gland mucosa and the average shell 
weight of the eggs showing an intimate relationship between 
these 2 parameters. The function of the carbonic anhy­
drase in the uterine mucosa is apparently to assure that 
the bicarbonate ion supply is not limiting (Berstein 
et al. 1968) .
Gutowska and Mitchell (1945) found that good layers, 
producing normal, smooth-shelled eggs, had a carbonic 
anhydrase activity in their shell gland of over 3 times 
that of non-layers and poor layers laying only soft-shelled 
eggs. Compared to laying hens, the epithelial cells of 
tubular uterus glands in molting hens are practically free 
of carbonic anhydrase, whereas molting does not affect the 
carbonic anhydrase activity in the erythrocytes (Diaman- 
stein 1966). The shell gland carbonic anhydrase activity 
provided a better relationship to production and shell 
strength than that of ovary or blood activity according to 
Gutowska and Mitchell (19 45).
The injection of dieldrin into a ringdove did not 
produce any significant thinning of the eggshell or inhibit 
the activity of carbonic anhydrase in the oviduct while 
DDE severely depressed the activity of the enzyme and
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brought about a marked decrease in the thickness of the 
eggshell (Peakall 1970). Bitman (1970) fed 100 ppm each 
of £,£'-DDT and £,£'~DDE to 2 groups of quail and found 
a highly significant difference in carbonic anhydrase 
activity in the shell gland (decrease of 16-19%) and 
blood from the control birds. Percentage eggshell calcium 
was significantly lower in the treated groups than in the 
control.
These findings, however, are contradictory to those 
of other workers. Mueller (1962) found no significant 
correlation between carbonic anhydrase activity and shell 
quality. He feels that the effect of compounds on shell 
deposition is linked to their diuretic action. Schwartz 
et al. (1958) suggest that carbonic anhydrase activity is 
involved in the resorption of most, if not all of the 
filtered renal bicarbonate. Heald et al. (1968) were also 
unable to correlate carbonic anhydrase activity in the 
shell gland with eggshell strength.
Egg Production
Ratcliffe (1970) attributed the recent peregrine 
falcon decline in England to failure of many females to 
lay eggs, and a possible suppression of ovulation due to 
high levels of contamination.
Egg production was not affected in pheasants fed up 
to 500 ppm DDT (Azevedo et al. 1965) . In a similar
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experiment where ring-necked pheasants were fed 100 or 
400 ppm DDT, no effect on production was noted (Genelly 
et al. 1958) .
Feeding Japanese quail up to 400 ppm DDT had no 
effect on egg production attributable to the compound 
(Smith et al. 1969).
However, egg production in White Leghorn hens fed 
620 ppm DDT for 12 weeks was lowered by about 50% from the 
control (Rubin et al. 1947).
Japanese quail fed a low calcium diet containing 
100 ppm o ,£'-DDT or £, jo'-DDT had a lag in egg production 
suggesting a lag in ovulation (Bitman 19 70). A similar 
effect caused by £>,jd'-DDT has been reported by Jefferies 
(1967) in the Bengalese finch. Ringdoves administered 
certain organochlorine insecticides did not lay eggs until
21.5 days after pairing whereas the normal interval was
16.5 days (Peakall 1970).
Egg production in ring-necked pheasants fed dieldrin 
at 25 or 50 ppm was significantly reduced (Genelly et al.
19 58). Dieldrin levels of 6 mg per hen pheasant per week 
also significantly lowered egg production (Atkins and 
Linder 1967).
Dieldrin at 20, 30, and 40 ppm lowered egg produc­
tion in Japanese quail while no such effect was noted at 
10 ppm (Walker et al. 1969). Similarly production was not
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affected in chickens at levels of up to 5 ppm in the 
diet (Graves et al. 1969).
Clutch sizes (Causey et al. 1968) of purple and 
common gallinules producing eggs containing a mean of
6.5 and 9.3 ppm dieldrin, respectively, and lesser levels 
of £,£'-DDE appeared to be the same size as control 
clutches.
The amount and source of calcium may affect egg 
production in birds. Dale (1955) found that pheasants 
reproduced successfully on a diet containing limestone 
grit, while those on granite grit failed to ovulate more 
than a few eggs.
Fertility of Birds
Fertility of pheasants was not affected when fed 
diets containing 10, 100, and 500 ppm DDT (Azevedo et al. 
(1965) .
DeWitt (1956) demonstrated that 200 ppm DDT in the 
diets during the summer only, did not affect fertility of 
quail which had not previously been exposed to the com­
pound. However, fertility in birds which received 100 
ppm of DDT throughout growth, maintenance and reproduction 
was 25% lower than those of the controls. Smith et al. 
(1969) found a 7-30% decline in fertility of quail fed 400 
ppm DDT for 30 days or more. Ring-necked pheasants fed
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DDT at 100 and 400 ppm did not differ in fertility from 
the control.
Cramp et al. (1964) hypothesized that declines of 
raptors in Great Britain were due to "sub-lethal" effects 
in reducing fertility.
White Leghorn cockerels fed 3000 ppm DDT showed a 
drastic decrease in sperm production (Albert 1962).
Ring-necked pheasants fed dieldrin at 25 ppm did 
not differ in fertility from the control, while fertility 
in those fed dieldrin at 50 ppm was significantly (P =
.05) decreased (Genelly et al. 1958).
Walker et al. (1969) fed up to 40 ppm dieldrin to 
Japanese quail and noted no difference in fertility des­
pite residues of 40 ppm in the eggs.
Doses of up to 6 mg of dieldrin per hen per week did
not significantly reduce fertility of hen pheasants (Atkins 
and Linder 1967).
Hatchability of Eggs
- -     ■* ■ •J  —
Ten or 40 ppm £,£'-DDE fed to mallard ducks caused 
a significant (P = .05) reduction in egg hatchability 
(Heath et al. 1969).
Rubin et al. (1947) noted a decline in egg hatch­
ability when hens were fed 620 ppm DDT for 2 weeks, but
observed no adverse effects in hens fed 310 ppm.
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In Japanese quail fed 400 ppm DDT for 30 days or 
more (Smith et al. 1969) about 30% decline in hatchability 
from the control was observed.
At levels of up to 500 ppm in the diet, DDT did not
affect hatchability of pheasants (Azevedo et al. 1965).
DeWitt (1955) observed a significant (P = .08) 
decrease in hatchability of fertile eggs of quail fed a 
diet of 200 ppm DDT for 154 days.
Chicken eggs injected with 100 ppm of DDT had 100%
hatch (Dunachie and Fletcher 1966). Vermeer and Reynolds
(19 70) found live embryos of great blue heron eggs with 
DDE levels up to 78 ppm, while an embryo with 234 ppm DDE 
died at an early stage, and one with 4 ppm was infertile.
Dieldrin fed to Japanese quail at 10 ppm caused a 
drop from 87 to less than 42% in hatchability within 4 
weeks of treatment (DeWitt 1955). Atkins and Linder (1967) 
noted no significant reduction in hatchability in pheasants 
fed up to 6 mg dieldrin per hen per week.
Feeding dieldrin to White Leghorn hens at levels 
up to 5 ppm for 16 weeks had no effect on egg hatch 
(Graves et al. 1969).
Field-collected eggs (Causey et al. 1968) of purple 
and common gallinules containing a mean of 6.5 and 9.3 ppm 
dieldrin, respectively, and lesser levels of £,p'-DDT 
and £,£'-DDE showed no significant difference in
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hatchability over "residue-free" eggs. In a similar study 
(Fowler 19 70) , average egg residues in purple gallinules 
of 9.4 ppm dieldrin and 0.7 ppm £,£'-DDE, and average 
residues in common gallinules of 17.5 ppm dieldrin and 1.9 
ppm p, p '—DDE, respectively, effected no significant change 
in hatchability.
McLaughlin et al. (1963) found that 25 mg Aroclor 
1242 injected into the yolk sac of chicken eggs caused com­
plete mortality, whereas 10 mg resulted in a hatch of 
only 1 out of 20 eggs.
Survival of Chicks
The significance of organochlorine residues on 
avian reproduction may be related more with chick survival 
than with egg production, fertility or hatchability.
Koeman et al. (196 7) suggested that the absorption of yolk 
after hatching may cause poisoning of young birds by 
residue levels that do not affect the rate of hatching.
Dietary levels of 200 ppm DDT fed to domestic 
chickens only slightly reduced chick survival, although 
maximum yolk residues of 300 ppm DDT and 80 ppm DDE were 
reached (Weihe 196 7).
Yolks of eggs from Japanese quail fed 400 ppm DDT 
for 30 days showed residues of 141 ppm DDT and 78 ppm DDE. 
Chicks hatching from these eggs exhibited symptoms of
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shaking, spasms and ataxia (Smith 1969). Chicks of 
Japanese quail fed 200 ppm DDT had about 50% more 
mortality than that of chicks in control (DeWitt 19 55).
Pheasants fed 500 ppm DDT produced chicks having a 
significantly lower (P = .01) survival rate than the 
chicks from the control pheasants (Hunt 19 66).
Levels of 10 and 40 ppm of £,£'-DDE or £,£'-DDD 
administered in the diet to mallard ducks did not 
significantly affect duckling survival over the first 14 
days while DDT at 25 ppm significantly reduced (P = .01) 
duckling survival by about 35% (Heath et al. 19 69).
A dietary level of 10 ppm dieldrin in quail caused 
about 50% more mortality of chicks than those of the con­
trol (DeWitt 1955) .
However, Robinson (1969) reported no significant 
increase in chick mortality of quail, pigeons or domestic 
fowl hatched from eggs containing up to 15 ppm dieldrin.
Survival of chicks hatching from White Leghorn 
chicken eggs containing up to 4.8 ppm dieldrin was not 
affected (Graves et al. 1969).
Average egg residues in purple gallinules of 9.4 
ppm dieldrin and 0.7 ppm £,£'-DDE and average residues in 
common gallinules of 17.5 ppm dieldrin and 1.9 ppm £,£'-DDE 
respectively, did not result in significant reduction of 
chick survival from that of control birds of the same
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species (Fowler 19 70).
Calcium Metabolism
In the peregrine falcon, golden eagle, and sparrow- 
hawk there was a significant (P = .001) and widespread 
decrease in calcium content of eggshells between 19 46 and 
19 50. This decrease was correlated with the widespread 
introduction of DDT into the environment during those 
years (Ratcliffe 1967). PCB's have been shown to be 
powerful inducers of steroid hydroxylases in birds 
(Risebrough et al. 1968) and, with £,£'-DDE may therefore 
be partially responsible for the aberrant calcium physio­
logy observed in species of raptorial and fish-eating 
birds which accumulate chlorinated hydrocarbons (Ratcliffe 
1967, Hickey and Anderson, 1968).
Japanese quail fed o,p_'-DDT or p,p_'DDT produced 
eggs with significantly lower calcium than the control 
group; concurrently there was a decrease of 10 to 20% 
calcium in the shells of treated birds as clutch size 
increased (Bitman 19 70) . No difference between treatment 
was noticed in blood calcium levels, calcium content of 
the shaft of the femur, and the amount of medullary bone 
(Bitman et al. 1969).
Ringdoves fed 10 ppm p_,p_'-DDT showed a significant 
reduction in the specific activity of ^Ca in the eggshell.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3 3
Birds killed 8 days after the second mating also showed a
45reduction in the specific activity of Ca in the leg 
bones, while those killed after completion of the clutch 
did not exhibit this phenomenon (Peakall 19 70).
Hurwitz (1964) found that the calcium lost from 
the medullary bone during shell formation was replenished 
by a high specific activity calcium from structural bone. 
Hence dietary calcium level did not affect the medullary 
bone but increased the calcium content of other bone 
segments.
Taylor (19 70) felt that the mobilization of skeletal 
calcium for the formation of eggshell increases as the 
dietary supply of calcium decreases; all the calcium comes 
from the bones when the food is completely devoid of 
calcium.
Satisfactory recovery from DDT poisoning in dogs 
was induced by intravenous administration of calcium 
gluconate suggesting that the neurologic symptoms are 
consequent to hypocalcemia and not due to direct action 
of DDT on the central nervous system (Vaz et al. 1945) .
Vitamin D is the most important single factor 
affecting the absorption of calcium from the alimentary 
canal and there is some evidence that the preen gland of 
birds produces a precursor of this vitamin which after 
being spread on the feathers and irradiated, is apparently
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assimilated when the feathers are next preened (Simkiss 
1967). Thus the inhibition of vitamin D metabolism 
directly or through an effect on the preen gland by organ­
ochlorine compounds in birds could possibly have a 
deleterious effect on calcium metabolism. However, the 
vitamin D requirements in the assimilation of calcium 
varies between species, and vitamin D deficiency is hard 
to induce in mature birds (Simkiss 1967).
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METHODS AND M ATERIALS
Experimental Design
Experiment I. This study commenced on July 9, 1969 
and continued for 12 weeks. Five groups of 7-month-old 
New Hampshire chickens were placed in covered pens measur­
ing 15 x 20 feet. Each group of 12 females and 2 males 
were given feed and water ad libitum. Eight nests were 
located in each pen for egg laying. The organochlorines 
and rate fed in this experiment are listed in Table 1.
Experiment II. This study commenced on June 3, 1970
and continued for 13 weeks. One hundred 6-month-old 
individually caged (wire cages 12 x 16 x 17 inches) White 
Leghorn hens were blocked according to eggshell strength 
based on pre-treatment sampling using a beta backscatter 
technique (James 19 70) . Twenty-five hens were assigned to 
each treatment (Table 1) using the eggshell strength data 
in order to reduce the effect of natural variation in egg 
shell quality on the results obtained. Water and feed was 
provided ad libitum. The organochlorines and rate fed 
are listed in Table 1.
Experiment III. The effect of organochlorines on
reproduction in 147 mallard ducks was studied by placing
5 hens and 2 drakes in each of 21 covered pens measuring
35
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3 6
8 x 10 feet and providing food and water ad libiturn. 
Three treatments (Table 1) were replicated 7 times. Two 
replications consisted of 2~year-old ducks while 5 con­
sisted of 1-year-old ducks. The experiment began on 
September 23, 19 70 and continued for 27 weeks.
Administration of Organochlorines
In Experiments I, II, and III, the chickens or 
ducks were fed a breeder ration composed of the ingred­
ients listed in Table 2. The composition of the vitamin 
mix is given in Table 3.
TABLE 1
ORGANOCHLORINES FED TO CHICKENS (EXPERIMENTS I 
AND II) AND MALLARD DUCKS 
(EXPERIMENT III)







(Chickens) e ,£ '-dde 100
p/p'-DDT + dieldrin 50 + 5
Aroclor 1221 100
III Control 0
(Mallard ducks) p,p'-DDE 40
Jtroclor 1221 100
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TABLE 2
LAYER RATION UTILIZED BY LOUISIANA STATE 
UNIVERSITY POULTRY DEPARTMENT £/.
Ingredient % of Ration (wt.)
Ground yellow corn 46.25
Soybean meal 50% 16.00
Pulverized fats 20 .00
Stablized animal fat 3.00
Fish meal, 60% 3.00
Alfalfa meal, 17% 3.00
Dicalcium phosphate 2.00
Oyster shell flour 5.50
Salt 0 .25




16.9 Percent protein 
129 3 Cal. metabolizable energy per lb. 
2.84 Percent calcium 
0.75 Percent total phosphorus
0.53 Percent inorganic phosphorus 
Calorie/protein ratio = 76
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TABLE 3
COMPOSITION OF VITAMIN PREMIX
Ingredients Amount/lb. of 
Finished Feed
Riboflavin 3 mg.
Calcium pantothenate 6 mg.
Niacin 14 mg.
Terramycin 5 mg.
Vitamin B-12 0.006 mg.
Vitamin E 2.5 IU
Vitamin A 3405 USP
Vitamin D-3 341 ICU
Copper 42 ppm
Zinc 49 ppm
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The technical organochlorine compounds were weighed, 
dissolved in hexane and diluted to 50 ml with 1: 20 (v/v) 
corn oil-petroleum ether mixture. This solution was 
slowly dripped onto 1 kg of feed in a small electric mixer. 
This premix was in turn mixed with 39 kg of feed in a 
large feed mixer for 15 minutes. The incorporation of the 
organochlorines with the feed followed very closely the 
technique of Cummings et al. (19 66).
Residue Analysis
Experiment I. Six eggs were collected from each 
treatment at the end of the 1st, 3rd, 6th, 8th, 10th and 
12th week. The 6 eggs were cracked and the contents 
blended at low speed for 3 to 5 minutes in a Waring 
Blender taking care to prevent foaming. Two 2-gm aliquots 
were weighed into a 10ml beaker and frozen for analysis.
Clean-up and Extraction
The following reagents were used:
Petroleum ether - Pesticide quality - Matheson, 
Coleman, and Bell.
Sodium sulfate - Anhydrous, granular, reagent 
grade.
Ethyl ether - Redistilled 
Acetone - Reagent grade 
Acetonitrile - Redistilled
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Ethyl alcohol - 95 percent 
Florisil - Floridin Company, Tallahassee, 
Florida. 649° C activated, 60-100 mesh. 
Before use this material was heated for 
two hours at 649° C and stored at 54° C.
Any florisil not used within 24 hours of 
firing time was reactivated as described 
above.
Egg samples were cleaned and extracted using the 
method described by Cummings et al. (1966) with the 
following modifications:
1. Two gm samples were used.
2. Samples were ground in mortars using glass pestles.
3. Eluants were collected in 400 ml beakers and 
evaporated in a water bath.
4. The 15% ethyl ether-petroleum ether eluting 
solvent was changed to 20%.
5. The final volume of eluant was adjusted to a 1 
gm/ml concentration for injection into a gas 
chromatograph.
A florisil recovery standard and reagent blank were 
run with each series of samples to determine the percent 
recovery of a known amount of insecticide pipetted onto 
the florisil and to monitor any solvent interference.
i
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Gas Chromatoqraphv
Aerograph Pestilizer Models 6 80 and 6 82 gas 
chromatographs employing electron dapture detectors were 
used for residue analysis. The chromatographs were 
operated simultaneously and both were connected to a
Westronics Dual channel recorder Model 11A/MA21/DV 7. 5H
containing Westronics 14063 chart paper. The 6% eluants 
were injected into the 6 80 model and the 20% eluants were 
injected into the Model 6 82.
Five foot circular glass columns of 1/8 inch 
diameter packed with 5% Dow 11 on Gas Chrom Q were used in
the chromatographs with nitrogen as a carrier gas. The
operating conditions were as follows:
Detector temperature 85°C 
Oven temperature 85°C
Inlet temperature 96°C
Gas flow 26 lb. pressure at the tank
gauge
Attenuation 4 - 6
Chart speed 1/2 inch/min
Injections of 1 to 4 ul quantities were made de­
pending upon the amount of residue detected in the sample. 
A Hamilton 10 ul syringe (No. 701) was used in making 
the injections.
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Standards of recrystallized dieldrin, p,p'~DDT, 
£,£'-DDE, jo,£’ — DDD, o,£’-DDT, o,£’-DDE, and o,p'-DDD were 
injected prior to injection of the samples to determine 
the elution time characteristics of each chemical under 
the specified condition. The minimum level of sensitivity 
was 0.0 5 ppm for all the above organochlorines.
Residue Calculations
Peak heights resulting from residues detected in a 
sample were adjusted by dilution until they closely 
approximated the peak heights produced by an injection of 
a known amount of standard. Calculations were made by 
direct linear comparison of similar sized peaks.
Thin Layer Chromatography
Random samples were selected for qualitative work 
with thin layer chromatography. The technique used was 
that described by Damaska (1964).
Experiment III.
Six eggs were collected at random from each treat­
ment at the end of the 25th week of t.; ;atment. The 6 eggs 
were cracked, and the contents blended together. Analysis 
and confirmation procedures were the same as those des­
cribed in Experiment I except that Aroolor 1221 and 1254 
were included in the standard gas chromatograph injection 
for elution time characteristics.
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Carbonic Anhydrase Activity
Carbonic anhydrase activity in Experiments I, II, 
and III was determined in the following manner. Chickens 
and ducks were sacrificed by decapitation, and the uterus 
immediately removed and placed in individual beakers in a 
cold ice chest. The tissues were taken to the laboratory 
and rinsed with cold physiological saline, and wiped dry 
with tissue paper.
In Experiment I, 5 gm of whole uterus were homo­
genized in 20 ml cold double distilled water, and 0.2 ml 
of the supernatant was used to determine enzyme activity.
In this experiment, hens were sacrificed without regard 
to stage of ovulation.
In Experiments II and III, 2 gm of uterus mucosa 
were homogenized in sufficient 0.1 M phosphate buffer to 
make a total of 20 ml; Homogenizing the tissue in phos­
phate buffer prevented spurious results due to 
contamination by blood (1-leald 196 8) . Two ml of the 
supernatant were used to determine enzyme activity. Hens 
were sacrificed during the time of shell formation in the 
uterus which commences about 20 hours prior to oviposition.
Homogenization was done at 5,000 rpm in a Sorvall 
omnimixer for 3 minutes and the homogenates centrifuged 
at 7,500 rpm for 15 minutes, the procedures being 
conducted under chilled conditions.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4 4
Respirometry
The following reagents were used to determine
carbonic anhydrase activity (similar to that of Ogawa and
Pincus 1960):
0.1 M phosphate buffer prepared by mixing 300 ml of 
0.1 M Na2HP04 with 200 ml of 0.1 M KH2P04 
0.1 M NaHC03
Carbonic anhydrase extract
Two ml of the phosphate buffer were measured into 
the main compartment and 1 ml of bicarbonate into the side 
arm. In Experiment I, 0.2 ml of the uterus extract was 
placed in the main compartment with the phosphate buffer.
In Experiments II and III, 2 ml of the phosphate buffer- 
uterus extract were placed in the main compartment.
A Gilson Differential Respirometer (Gilson 1963) was 
used to determine enzyme activity under the following 
conditions:
Water bath temperature 15°C
Duration of equilibration 15 min 
Oscillations 120/min
Reaction time 1 min
After equilibrium was established the contents of 
the side arm of the flask was mixed with the fluid in the 
main chamber, and the carbon dioxide evolved in 1 minute 
was determined. Similar to the technique established by
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Ogawa and Pincus (1960), a reliable linear relationship 
was obtained in 1 minute between the logarithum of the 
amounts of carbonic anhydrase and the volume of carbon 
dioxide evolved. The amount of carbon dioxide evolved 
above the blank was used as a measure of activity follow­
ing the technique of Krebs and Roughton (19 48).
Eggshell Thickness
Experiments I, II, and III.
Pieces of shell from 4 points (Experiments II and 
III) or 8 points (Experiment I) around the girth of each 
eggshell were soaked in w&ter for a few minutes to facili­
tate removal of shell membrane. Shell thickness was 
measured with a micrometer (Ames Model No. 2, Dial 
Comparator). The readings were averaged to the nearest 
.0001 inch and converted to microns.
In Experiment I all eggs laid during the 3rd, 6th 
and 9th weeks following commencement of the experiment 
were measured. Thus 82 to 131 eggs were measured from 
each treatment.
All the eggs collected from the 12th week following 
the beginning of Experiment II were measured (from 92 to
10 2 eggs per treatment).
In Experiment III all eggs collected from February
11 - 18 (21st week of feeding) and March 11 - 17 (25th
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week of feeding) were measured. This was a total of 16 7 
to 2 31 eggs per treatment.
Eggshell Strength
Experiment II.
Eggshell strength was measured using the beta
backscatter^ technique (James and Retzer 1967). The
instrument is made up of a surface barrier detector, a
9 0crystal timer, an Ortec bin, and 19 uc of Sr as a source 
(James 19 70). Three waist measurements were taken (Wilson 
et al. 1968) for a period of 6 seconds each, averaged, 
and converted to cpm.
In measuring shell strength, all eggs laid during 
the 4th, 8th, and 12th weeks were measured. This amounted 
to a total of 30 3 to 322 eggs per treatment.
Eggshell Weight
Experiment III.
Twelve eggs were collected from each pen in the 
first 2 weeks of March (24th and 25th weeks from beginning 
of feeding). The eggs were cracked, the contents discarded
Beta-backscatter instrument loaned by kind courtesy 
of Dr. Paul E. James, USDA-ARS Ag^. Engin. Res. Div. 
Beltsville, Md.
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and the albumin was entirely removed by washing the shell 
under a faucet. The shells were dried for several days 
at room temperature and weighed on a "Mettler" balance 
to the nearest 0.01 gm. Thus the shell weight included 
the weight of the shell membrane.
Egg Density
Experiment III.
The 12 eggs collected from each pen for the deter­
mination of eggshell weight and calcium content were also 
used to determine density. They were weighed on a 
"Mettler" balance to the nearest 0.1 gm and their volume 
(to the nearest cc) determined by water displacement. The 
weight of the egg divided by the volume was calculated as 
density (gm/per cc).
Calcium Content of Eggshells
Experiment III.
The dried eggshells (12) from each pen were ground 
with a mortar and pestle and most of the membrane blown 
out with a gentle air stream. One-half gm of shell was 
then weighed from each sample (i.e. a total of 21 samples). 
The eggshells were digested with concentrated hydrochloric 
acid and heated moderately until the acid evaporated. The 
contents were then diluted to a suitable volume with
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distilled water, and a final solution containing 1% 
lanthanum was made.
Percentage calcium was determined by first plotting 
on semi-logarithmic graph paper, standards of calcium 
solution against absorption on a Jarrell-Ash (Model 82- 
362) atomic absorption. The percent calcium in the shell 
was determined by noting the absorption and comparing with 
the graph. The weight of calcium in the shell was 
calculated based on total shell weight.
Calcium Content of Femur 
Experment I.
The left femur of each bird was obtained, all 
tissue gently removed by scraping and the bone frozen. 
About 4 gm of the bone in the center was removed and 
weighed in a crucible. It was then digested with 3:1 con­
centrated nitric and perchloric acids and heated 
moderately until the acids evaporated. The calcium 
content was determined by the same procedure as described 
in eggshell calcium determination. The original weight 
of the bone was adjusted to standardize percent calcium 
per unit weight of bone.




Eggs were collected daily and egg production of each 
hen was recorded over a 13 week period. The number of 
cracked, and soft-shelled eggs and eggs without shells 
was also noted.
Experiment III.
Eggs produced in each pen were collected from 
commencement of egg laying (February 11) for a period of 
5 weeks. Thus all ducks except controls had been consum­
ing treated feed for about 5 months prior to egg laying.
The mean daily egg production per duck was calculated 
using these data.
Some of the eggs cracked and fell through the 
bottom of the pens and ducks were also observed to eat 
eggs occasionally. For this reason, all 1-year-old female 
ducks were transferred (on March 18) to individual cages, 
as utilized in Experiment II, and held for 11 days. Daily 
egg laying data for each duck in these cages were obtained 
for the 11-day period in order to ascertain the true egg 
production.
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Egg Incubation, Embryonation and Survival of Young
Experiment I.
During the 4th week of each month following the 
beginning of the experiment, about 30 eggs were collected 
from hens in each treatment. The eggs were incubated in 
a single stage "Jamesway" incubator (Model 252A) following 
normal incubation procedures.
On the 18th day of incubation, eggs were candled 
to determine if embryonation had taken place. The 
embryonated eggs were returned to the incubator until 
hatching occurred.
Newly hatched chicks were allowed to remain in the 
incubator for 2 4 hours. They were then tagged according 
to the treatment and placed in a brooder and given water 
and chick starter ration ad libitum. The chicks were 
observed for a fortnight (to allow complete yolk absorption) 
to determine if post--hatch mortality occurred as suggested 
by Koeman et al. (19 67).
Experiment III.
Eggs from 1-year-old ducks were collected, (Feb­
ruary 19 to March 2) washed and incubated in an electric 
incubator maintained at 99.8°F and 88° wet bulb reading 
(6 3 percent relative humidity). Eggs were sprinkled with 
warm water and hand-turned twice daily. During the 2nd
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and 3rd weeks of incubation, eggs were candled to deter­
mine embryonation, and unembryonated eggs were discarded.
On the 2 5th day eggs were transferred into hardware cloth 
cages (4 mesh) and placed in the incubator, and the wet 
bulb reading increased to 92° (71 percent relative 
humidity) until hatching.
Newly hatched ducklings were allowed to remain in 
the incubator for 12 hours. They were then tagged and 
grouped according to treatment. Ducklings were fed ad 
libitum water and starter game bird ration (Purina) and 
observed for a fortnight to determine post-hatch mortality.
Statistical Analysis
The significance of differences among treatments 
was determined by analyses of variance when feasible. For 
analyses of data on deformation of eggs, embryonation, 
hatch and overall survival of young in Experiment I, the 
Chi-square test was applied.
Orthogonal comparisons were used to compare differ­
ences between treatment means. Duncan's Multiple Range 
Test was also used to determine the significance of 
differences between treatment means; the means followed 
by the same letter are not significantly different.
The abbreviation, NS indicates that difference 
between means is not significant at the 5% level of
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probability. The single asterisk (*) and the double 
asterisk (**) indicate significance at the 5% and 1% 
levels of probability, respectively.
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RESULTS
Analysis of Eggs for Organochlorine Residues
Experiment I.
The accumulation of residues in eggs of New 
Hampshire hens fed various organochlorines for a 12-week 
period is presented in Table 4. All the organochlorines 
fed appeared in the eggs in the same form, except £,£*-DDT 
which in addition appeared as £,£'DDE and 1 -DDD. About 
20% of the total residues in the hens fed £,£'-DDT appeared 
as £,£' —DDE, and about 3% as £,£'-DDD.
When fed at 100 ppm, p,£'-DDT appeared to reach a 
plateau in eggs at about 57 ppm at the 10th week of feeding 
while dieldrin at 10 ppm apparently reached a plateau of 
about 8 ppm at the 8th week of feeding. Neither p,p'-DDE 
nor o ,£'-DDT administered at 100 ppm.appeared to reach a 
static level within the 12-week observation period. At the 
12th week £,p'-DDE and o,£'-DDT residues in eggs reached 
81.6 and 18.2 ppm, respectively. Thus, at the end of 12 
weeks of feeding only about 18% of the administered level 
of o,p'-DDT was found in eggs while about 80% of the other 
organochlorines fed were present.
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ACCUMULATION OF RESIDUES (IN ppm) IN EGGS OF NEW HAMPSHIRE 








6 8 10 12
Control 0 p,p'-DDE 0.13 y b/ y 0 .08 y
dieldrin 0 .24 0 .27 0 .23
Dieldrin 10 dieldrin 0.44 2.96 5.25 8.25 7.13 8.57
£,£'-DDE 100 £,£'-DDE 10 .24 23.60 28.35 43.92 58.97 81.62
°,E '-ddt 100 o,p'-DDT 4.24 5.62 10.37 10. 81 15^  87 18.15
£,£'-DDT 100 p,£'-DDT 6 .53 25.02 34.68 45.08 57.61 57.53
£,£'-DDE 0 .86 4.38 7.92 13.17 20.38 17.14
p,p'-DDD 0 1.31 1.77 1.76 2 .45 2 .88
a/ Organochlorines not detected in pretreatment samples, 




Contamination of eggs from hens fed control rations 
was very slight with only small amounts of R,E.'-DDE and 
dieldrin residues being found.
Experiment III.
The residues in eggs of mallard ducks fed p,p'-DDE 
and Aroclor 1221 for 25 weeks are shown in Table 5. The
administration of 40 ppm p_,eJ-DDE resulted in 10 4.7 ppm in
the egg, while feeding a level of 100 ppm of Aroclor 1221
resulted in egg residues of 266.0 ppm. Thus, these
organochlorines when fed to mallard ducks for 2 5 weeks 
accumulated in the eggs at a rate of 2.5 times the rate 
being fed.
TABLE 5
RESIDUES DETECTED IN EGGS OF MALLARD DUCKS FED 






Control 0 0.10 p,p1-DDE
0.05 £,£'-DDT
Aroclor 1221 100 266.0 Aroclor
1221
p,p 1-DDE 40 104.7 p,p1 —DDE
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Eggshell Thickness
Experiment I.
Shell thickness data from eggs laid by New 
Hampshire hens fed various organochlorines appeared to be 
similar to that of eggs produced by control hens (Table 
6). However, there was a statistically significant 
(P = .0 5) difference in shell thickness between treatments 
(Table 7). Orthogonal comparison showed a significant 
(P = .01) difference only between o,£'-DDT and p,p'-DDT. 
Eggshell thickness in none of the treatments was signifi­
cantly different from that of the control eggshells. How­
ever, some differences in thickness between treatments and 
the control was noted; at the 9th week the differences in 
thickness from the control were as follows: p,p’-DDE -3.4%
p,£'-DDT -3.1%; dieldrin +2.4%; o,p'--DDT +3.1%.
There was also a significant (P = .05) difference in 
eggshell thickness between weeks with the pattern of change 
in thickness being significant (P = .01) in a quadratic 
relationship.
Experiment II.
Eggshell strength and thickness data for Experiment 
II in which White Leghorn hens were fed various organo­
chlorines for 12 weeks is presented in Table 8. There was 
no significant difference in eggshell strength between
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TABLE 6
MEAN SHELL THICKNESS (MICRONS) OF EGGS FROM 
NEW HAMPSHIRE HENS FED VARIOUS 
ORGANOCHLORINES (EXPERIMENT I) 1
Treatments








3 2 89 284 290 297 287
6 277 271 272 288 273
9 291 298 281 300 282
^See Appendix Table 2 for raw data.
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TABLE 7
L E A ST -SQ U A R E S A N A L Y S IS  OF V A RIANCE OF EGGSHELL
T H IC K N E SS (EX PER IM EN T I )
Source d.f.. Mean squares up i
Total 10 4
Treatment 4 11094.7 3.73**
Control vs dieldrin 
+-.-E,ErrDDT 1 101.1 0.0 3NS
Dieldrin vs. E.fE.'- DDE 
-DDT 1 621.3 0.21NS
p,p'-DDE vs o,g.'-DDT 
+ p,p *05^ 7 1 7319.0 2.46NS
Ofp'-DDT vs_ p»p 1 ~DDT 1 38319.1 12.89**
Week 2 35429.5 11.92**
Linear 1 147.2 0.05NS
Quadratic 1 70711.7 23.79**
Days/week 18 2429.0 0.82NS
Error 80 2972.8
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TABLE 8
MEAN SH E L L  STRENGTH OR T H IC K N E SS OF EGGS FROM
W H ITE LEGHORN HENS FED VARIO US









Eggshell Strength (cpm x 103)
Pre-
treatment 536 535 536 536
4 52$' (+ 1.2) 525. (+ 7.8) 524 (+ 8.6) 525 (+ 7.7)
8 520 (+ 8.0) 518 (+ 8.9) 519 (+ 1.0) 521 (+ 4.5)
12 521 (+ 7.1) 519 (+ 8.3) 521 (+ 7.7) 520 (+ 5.5)
Eggshell Thickness (microns)
12 324 311 314 315
Isee Appendix Tables 3 and 4 for raw data.
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treatments, although a highly significant (P = .01) 
difference occurred between both weeks and blocks (Table 
9) . The change in strength over weeks was neither linear 
nor quadratic.
Eggshell thickness of eggs collected at the 12th 
week showed no significant difference between treatments 
while blocks approached significance at the 0.05 level of 
probability (Tables 8 and 10) . However, there was a de­
cline in thickness of 4.0% in eggshells from the p,p'-DDT 
+ dieldrin group, 3.1% in the p,p'-DDE group and 2.8% 
in the Aroclor 1221 group, respectively, from that 
recorded for control eggshells.
Also there was a significant correlation between 
eggshell strength and thickness (Table 10).
Experiment III.
This experiment in which mallard ducks were fed 
Aroclor 1221 (100 ppm) and £,p'-DDE (40 ppm) was begun on 
September 23, 1970. Eggshell thickness of eggs collected 
in mid-February 19 71 (21st week of feeding) was signifi­
cantly different (P = .01) between treatments (Tables 11 
and 12) . A reduction in shell thickness of 0.2% in the 
Aroclor 1221 group and 21.3% in the p,£'-DDE group over 
the control was observed with only the latter being 
significantly different from the control.
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TABLE 9
L E A ST -SQ U A R E S A N A L Y SIS OF V A R IA N C E OF EGGSHELL
STRENGTH (EX PER IM EN T I I )
Source d.f. Mean squares up M
Total 238
Block 23 2.75 5.18 **
Treatment 3 0.14 0.26 NS
BXT {Error (a) ] 57 0.53
Week 2 8.96 67.17 **
WXT 6 0.27 2.02 NS
Error (b) 147 0.13
TABLE 10
LEAST-SQUARES ANALYSIS OF VARIANCE OF EGGSHELL 
THICKNESS (EXPERIMENT 11)1/
Source d.f. Mean squares »p n
Total 51
Block 12 230.2 2.02 NS
Treatment 3 162.7 1.43 NS
Error 36 114.0
1/ Correlation between shell thickness and shell 
strength: r = 0.8 2**
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Similar results were obtained in the mid-March 19 71 
observation (25th week of feeding) with a reduction in 
shell thickness of 1.25% in the Aroclor 1221 group, and 
23.1.% in the £,£'-DDE group, respectively (Tables 11 and 
13) .
There was no significant difference in shell thick­
ness between the 2-year-old and the 1-year-old ducks 
although the eggshells of the older ducks were 4% thinner 
than those of the younger ducks in both the control and 
-DDE groups and 2% thinner in the Aroclor 1221 group, 
respectively.
TABLE 11
MEAN SHELL THICKNESS (MICRONS) OF EGGS FROM 









Feb. 11-18 306a (+ 16.7) 305a (+ 15.9) 242b (+ 14.2) 0.01
Mar. 11-17 320a (+ 15.1) 316a (+ 9.3) 246b (+ 7.5) 0.01
"^ See Appendix Table 5 for raw data 
2
Experiment began on September 23, 19 70
3
Duncan's Multiple Range Test level of significance.
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TABLE 1 2
L E A S T -S Q U A R E S  A N A L Y SIS  OF VARIANCE OF EGGSHELL
T H IC K N E S S  (F E B . 1 1 - 1 8 ,  EXPERIM ENT I I I )
Source d.f. Mean squares up n
Total 14
Treatment 2 7020.47 28.69 **
Control vs Aroclor 1221 
+ DDE 1 3609.77 14.75 **
Aroclor 1221 vs DDE 1 10435.29 42.64 **
Error 12 244.73
TABLE 13
LEAST-SQUARES ANALYSIS OF VARIANCE OF EGGSHELL 
THICKNESS (MARCH 11-17, EXPERIMENT III)
Source d.f. Mean squares up i
Total 20
Treatment 2 9832.95 79.96 **
Control vs Aroclor 1221 
+ DDE 1 5372.69 43.69 **
Aroclor 1221 vs DDE 1 14316.52 116.42 **
Age 1 312.08 2.54 NS
Treatment x Age 2 31.23 0.25 NS
Error 15 122.97
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Eggshell Weight
Experiment III.
Observations on eggshell weight were made on eggs 
collected in March 19 71 (22 to 25 weeks after the experi­
ment began) and are presented in Table 14. There were 
significant (P « .01) differences between treatments 
(Tables 14 and 15). Shell weight was reduced by 8% in 
the eggs from the Aroclor 1221 group, and by 25.5% in the 
p,p'-DDE group when compared to eggs from the control. 
Correlation analysis between shell thickness (Table 11) and 
shell weight (Table .<14) revealed a highly significant 
(P = .01) linear association between the 2 parameters 
(r = .93) .
TABLE 14
MEAN SHELL WEIGHT (gm) OF EGGS FROM MALLARD 
DUCKS FED ORGANOCHLORINES 
(EXPERIMENT III)1'2





5.la (+ 0.4) 4.7b (+ 0.2) 3.8° (+ 0.1) 0.01
^See Appendix Table 6 for raw data.
2
Correlation between shell thickness and shell weight: 
r = .93 **
Level of significance for Duncan's Multiple Range Test.
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TABLE 1 5
L E A S T -S Q U A R E S  A N A L Y S IS  OF VARIA N C E OF
EG G SH ELL WEIGHT (EX PER IM EN T I I I )
Source d.f. Mean squares up i
Total 20
Treatment 2 2.24 38.59 **
Control vs Aroclor 1221 
+ DDE 1 2.31 39.94 **
Aroclor 1221 vs DDE 1 2.17 37.45 **
Age 1 0.14 2. 42 NS
Treatment x Age 2 0 .05 0.90 NS
Error 15 0.06




Egg volume measurements made during February 
revealed no significant difference between treatments, 
although there was a reduction in volume of 3.4% in the 
Aroclor 1221 group and 4.8% in the £,£'-DDE group in 
comparison to the control group (Tables 16 and 17).
Similar results were obtained in egg volume measurements 
made during March (Tables 16 and 18).
Egg volume (Table 16) and egg weight (Table 19) were 
measured in March and the density calculated (Table 21). 
There was no significant difference between treatments 
either in volume, (Table 18) or density (Table 22) of the 
eggs. However, there was a significant (P = .05) differ­
ence in weight between treatments, the £,p'-DDE group 
being significantly (P = .05) lower than the control 
group (Table 20) . However, both Aroclor 1221 and £,£'-DDE 
treated ducks laid eggs showing some decline from that of 
control ducks in all three parameters: volume: Aroclor
1221 -4.4%; £,£' — DDE -5.4%; weight: Aroclor 1221 -4.9%;
£,£1—DDE -7.2%; density: Aroclor 1221 0%; £,£'-DDE -1.9%.
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TABLE 1 6
MEAN VOLUME OF EGGS ( c c )  FROM MALLARD DUCKS
FED ORGANOCHLORINES (EX PER IM EN T I I I  1 9  7 1 ) 1





Oin 3.9) 48.7 (+ 1.8) 48.0 (+ 3.6) NS
March so.9 (+ 3.1) 48.6 (+ 1.5) 48.1 (+ 2.5) NS
^See Appendix Table 7 for raw data. 
2
Duncan's Multiple Range Test.
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TABLE 1 7
L E A S T -S Q U A R E S  A N A L Y SIS  OF V A RIANCE OF EGG
VOLUME (EX PE R IM E N T  I I I ,  FEBR U A R Y , 1 9  7 1 )
Source d.f. Mean squares U p  II
Total 14 16.58
Treatment 2 8.00 0.82 NS
Error 12 9.78
TABLE 18
LEAST SQUARES ANALYSIS OF VARIANCE 
VOLUME (EXPERIMENT III, MARCH,
OF EGG 
1971)
Source d.f. Mean squares up II
Total 19
Treatment 2 11.13 1.57 NS
Age 1 7.62 1.08 NS
Treatment x Age 2 0.23 0.03 NS
Error 14 7.07
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TABLE 1 9
MEAN WEIGHT OF EGGS (g m ) FROM MALLARD DUCKS
FED ORGANOCHLORINES (EX PER IM EN T I I I ,
MARCH, 1 9  7 1 )





52.6a (+ 2.5) 50 . 0ab (+ 2.1) 48.8b (+ 2.1) 0.05
■^ See Appendix Table 8 for raw data.
Duncan's Multiple Range Test level of significance.
TABLE 20
LEAST-SQUARES'"ANALYSIS.:: OF’VARIANCE OF EGG 
WEIGHT (EXPERIMENT III, MARCH, 1971)
Source d.f. Mean Squares npri
Total 19
Treatment 2 23.09 4.22**
Control vs Arochlor 1221
+ DDE 1 44.28 8.10*
Aroclor 1221 vs DDE 1 0.06 0.01 NS
Age 1 5.79 1.06 NS
Treatment x Age 2 2.54 0.47 NS
Error 14 5.47
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TABLE 2 1
D E N S IT Y  ( g m / c c )  OF EGGS L A ID  BY MALLARD DUCKS
FED ORGANOCHLORINES (M ARCH, .19 7 1
EXPERIM ENT I I I )  -1





1.04 (+ 0.02) 1.04 (+ 0.02) 1.02 (+ 0.02) NS
■*"See Appendix Table 9 for raw data.
2
Duncan's Multiple Range Test level of significance.
TABLE 22
LEAST-SQUARES ANALYSIS OF VARIANCE OF EGG 
DENSITY (EXPERIMENT III, MARCH, 1971)
Source d.f. Mean squares "F"
Total 19
Treatment 2 0 .0008 2.44 NS
Age 1 0 .0001 0.37’ NS
Treatment x Age 2 0 .0004 1.28 NS
Error 14 0 .0003
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Calcium Content of Eggshells
Experiment III.
The calcium content per unit weight of eggshell 
ranged from 35 to 37 percent, showing no relationship to 
treatment. However, the weight of calcium based on the 
mean weight of eggshells in each treatment was signifi­
cantly (P = .01) different between treatments (Tables 2 3 
and 24). The £,£'-DDE group had significantly (P = .01) 
less calcium than the Aroclor 1221 group which in turn 
had significantly (P = .01) less calcium than the control 
group. The calcium content was lower by 9.6% in the 
Aroclor 1221 group and by 27.3% in the £,£'-DDE group 
(Tables 23 and 24).
Deformation of Eggs
Experiment II.
During the 13-week feeding period, records were 
maintained of eggs with cracks, or soft shells and eggs 
without shells (Table 25). The combination of £,£'-DDT + 
dieldrin (50+5 ppm) and Aroclor 1221 (100 ppm) fed hens 
produced eggs with cracks at about twice the rate 
observed in the control hens. Fewer soft-shelled eggs 
and eggs without shells were observed in the £,£'-DDE 
treatment than in the other treatments or the control.
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TABLE 2 3
MEAN CALCIUM CONTENT (gm) OF EGGSHELLS 
(EXPERIMENT III, MARCH, 1971)1
Control Aroclor 1221 p, p'-DDE Level'*
(100 ppm) T4^ ppm)
1.87a (+ 0.11) 1.69b (+ 0.11) 1.36c (+ 0.05) 0.01
^See Appendix Table 10 for raw data.
2
Duncan's Multiple Range Test level of significance.
TABLE 24.
LEAST-SQUARES ANALYSIS OF VARIANCE OF CALCIUM 
IN EGGSHELLS (EXPERIMENT III, MARCH, 19 71)
Source d.f,. Mean squares up i
Total 20
Treatment 2 0.35 41.39 **
Control vs Aroclor 1221 
+ DDE
1 0 .41 48.44 **
Aroclor 1221 vs^  DDE 1 0.29 34.22 **
Age 1 0.02 2.03 NS
Treatment x Age 2 0 .006 0.76 NS
Error 15 0.008
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TABLE 2 5
PERCENT EGGS DEFORMED OF TOTAL PRODUCED BY 






Without shell or 
soft-shelled
Control 0 1.54 3.00
£,£'-DDT + 
Dieldrin
50 + 5 2.64 4.06
R'R’-dde 100 1.01 0.65
Aroclor 1221 100 3.28 2.50
^See Appendix Tables 11 and 12 for raw data.
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Chi-square test (Table 26) showed that there was a 
significant (P = .01) difference between treatments in 
both parameters, but there was no significant difference 
between the control and the treated groups.
Egg Production
Experiment II.
Egg production data of White Leghorn hens fed 
various organochlorines are shown in Table 27. There was 
no significant difference in egg production between 
treatments but there was a highly significant (P = .01) 
difference between weeks (Table 28).
Experiment III.
The daily egg production of ducks held in group 
pens and in individual cages while being fed organochlo­
rines is presented in Table 29. There was a significant 
(P = .05) difference in observed egg production between 
treatments in ducks held in pens (Tables 29 and 30).
The egg production of hens fed either £,£'-DDE or Aroclor 
1221 was significantly less than that observed for the 
control group. When ducks were held in individual cages, 
there was a significant (P = .05) difference between 
treatments (Tables 29 and 31). However, there was no 
significant difference in egg production of hens fed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 2 6






Treatment 3 20.14 ** 35.49 **
Control vs DDT + 
Dieldrxn + DDE 
+ Aroclor 1221
1 2.12 NS 0.9 3 NS
DDT + Dieldrin 
vs DDE + 
Aroclor 1221
1 0.99 NS 24.32 **
DDE vs Aroclor 
1221
1 15.49 ** 13.77 **
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TABLE 2 7
EGG PRODUCTION (MEAN E G G S /B IR D /D A Y ) OF WHITE
LEGHORN HEN FED  ORGANOCHLORINES
(EX PE R IM E N T  I I ,  1 9  7 0 )1
£,£'-DDT + Dieldrin p,p'-DDE Aroclor 1221
Control ( 50+5 ppm) (100 ppm) (100 ppm)
0 .64 (+ 0.83) 0 .68 (+ 0 .73) 0 .63 (+ 0 .28) 0.67 (+ 0.17)
^See Appendix Table 13 for raw data.
TABLE 28
LEAST-SQUARES ANALYSIS OF VARIANCE OF EGG 
PRODUCTION (EXPERIMENT II)
Source d.f. Mean squares up H
Total 1130
Block 23 24.36 1.04 NS
Treatment 3 19.23 0 .82 NS
BXT [Error (a)] 60 23.36
Week 12 2.50 2.34 * *
Treatment x Week 36 1.43 1.34 NS
Error (b) 996 1.07


















EGG PRODUCTION OF MALLARD DUCKS FED ORGANOCHLORINES 
(EXPERIMENT III, 1971)1
9
Dates held Control Aroclor 1221 p,£.'-DDE Level
(100 ppm) (40 ppm)
Pens I3 0.52a (+0.13) 0.34b (+0.14) 0.37b (+0.13) 0 ;05
(Feb. 11 to Mar. 18)
Pens II4 0.58a (+0.11) 0.40b (+0.09) 0.43b (+0.09) 0.05
(Feb. 11 to Mar. 18)
Cages4 0.48ab(+ 0 .07) 0.37a (+ 0 .07) 0.53b (+0.12) 0.05
(Mar. 19-Mar. 29)
^See Appendix Table 14 for raw data.
2
Duncan's Multiple Range Test level of significance.
3Egg production data of all ducks.
4




L E A S T -S Q U A R E S  A N A L Y S IS  OF VARIANCE OF EGG
PRO DUCTIO N OF DUCKS HELD IN  PEN S
(E X PE R IM E N T  I I I )
Source d.f. Mean squares Ip "
Total 20
Treatment 2 0.06 6.59 **
Control vs Aroclor 1221 
+ DDE
1 0.11 12.75 **
Aroclor 1221 vs_ DDE 1 0 .03 0.47 NS
Age 1 0 .19 22.13 **
Treatment x Age 2 0.0001 0.01 NS
Error 15 0 .009
TABLE 31
LEAST-SQUARES ANALYSIS OF VARIANCE OF EGG 
PRODUCTION OF DUCKS HELD IN INDIVIDUAL 
CAGES (EXPERIMENT III)
Source d.f. Mean squares up H
Total 14
Treatment 2 0.03 4.01 *
Control vs Aroclor 1221 
+ DDE
1 0 .002 0.24 NS
Aroclor 1221 vs DDE 1 0.06 7.78 *
Error 12 0 .00 8
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either organochlorine and the control group. Egg 
production of hens in the Aroclor 1221 group was signifi­
cantly less than that of the p,p'-DDE groups (Tables 29 
and 31) .
There was also a significant difference in the egg 
production of the 1 and 2-year-old ducks held in pens 
(Table 30), the younger ducks being more productive.
Carbonic Anhydrase Activity
Experiments I, II, and III.
Carbonic anhydrase activities (ul carbon dioxide 
evolved) measured in uterine tissue of hens fed various 
organochlorines in Experiments I, II, and III are pre­
sented in Table 32. Activity in the treated groups were 
lower than the activity in the corresponding control 
groups: Experiment 1: o,£'-DDT -12.3%; dieldrin -8.8%;
£,£'-DDT -7.4%; £,£* — DDE -6.5%. Experiment II: £,£'-DDT
+ dieldrin -0.2%; p,p'-DDE -3.2%; Aroclor 1221 -1.6%. 
Experiment III: Aroclor 1221 -6.3%; £,£'-DDE -6.0%.
However, statistical analysis of data from all 3 experi­
ments revealed no significant difference in the enzyme 
activity between treatments (Tables 31 - 33).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8 0
TABLE 3 2
MEAN CARBONIC ANHYDRASE ACTIVITY (ul C02 EVOLVED) 
MEASURED IN UTERINE TISSUE OF HENS 
FED VARIOUS ORGANOCHLORINES1
Experiment I. (New Hampshire hens)
Control Dieldrin p 
(10 ppm) (
:,£*-DDE o ,£'-DDT 
100 ppm) TlOO ppm)
p,p'-DDT 
TlOO ppm)
5.54 5.05 5.18 4.86 5.13
Experiment II. (White Leghorn hens)
Control £,£'-DDT + Dieldrin p,£'-DDE 











Experiment III. (Mallard duck hens)




10.21 (+ 0.64) 9.57 (+ 0.86) 9.60 (+ 1.03)
^See Appendix Tables 15, 16, and 17 for raw data.
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TABLE 33
LEAST-■SQUARES ANALYSIS OF VARIANCE OF CARBONIC
ANHYDRASE ACTIVITY (EXPERIMENT I)
Source d. f • Mean squares "F"
Total 50
Treatment 4 292027.28 0.77 NS
Error 46 377523.69
TABLE 34
LEAST-SQUARES ANALYSIS OF VARIANCE OF CARBONIC 
ANHYDRASE ACTIVITY (EXPERIMENT II)
Source d.f. Mean squares II p H
Total 83
Block 24 10.90 1.00 NS
Treatment 3 2.31 1.70 NS
Error 56 25.40
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TABLE 3 5
L E A S T -S Q U A R E S  A N A L Y S IS  OF VARIANCE OF C A R BO N IC
ANHYDRASE A C T IV IT Y  (EXPERIM ENT I I I )
Source d.f. Mean squares »ip"
Total 20
Treatment 2 1.06 1.45 NS
Error 18 0.73
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Calcium Content of the Femur 
Experiment I.
The calcium content of femurs (based on weight) was 
not significantly different between treatments (Tables 36 
and 37). However, the treated groups had less calcium 
than the control group: o,£'-DDT -10.2%; £,£'-DDT - 5.4%;
dieldrin -4.8%; £,£'-DDE - 4.1%.
Embryonation
Experiment I.
Embryonation of eggs laid by New Hampshire hens 
after 3, 7, and 11 weeks of being fed various organochlor­
ines is presented in Table 38. Statistical analysis using 
the Chi-square test revealed no significant differences 
between treatments. The average embryonation of eggs from 
hens fed o,p'~DDT resulted in the highest percent of live 
embryos (83.6%) while embryonation of eggs from the con­
trol was 82.6%. Hens fed p,p'-DDT produced eggs with the 
lowest average embryonation (75.4%).
Experiment III.
Embryonation (after 2 weeks of incubation) of eggs 
laid by mallard ducks fed organochlorines for 22 to 25 
weeks is presented in Table 39. Analysis of variance 
revealed no significant difference in embryonation between
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 3 6
PERCENTAGE CALCIUM IN  FEMURS OF NEW H AM PSH IRE
HENS FED V A R IO U S ORGANOCHLORINES









23.05 21.95 22.10 20 .69 21. 80
•1-See Appendix Table 18 for raw data.
TABLE 37
LEAST-SQUARES ANALYSIS OF VARIANCE OF CALCIUM 
IN FEMUR (EXPERIMENT I)
Source d.f. Mean squares up it
Total 51
Treatment 4 9.49 0.88 NS
Error 47 10 .83


















PERCENT EMBRYONATION OF EGGS LAID BY NEW HAMPSHIRE HENS FED 










3 85.71 82.14 77.78 71.43 77.78
7 72.00 80 .00 32.61 89.66 83.33
11 90.00 78.57 80.00 89.66 65.22
Mean 82.6 80.2 80.1 83.6 75.4




treatments (Table 40). Of the 60 eggs incubated per 
treatment, embryonation was observed in 47 eggs from con­
trol, 52 from Aroclor 1221, and 48 from p,£'-DDE groups, 
respectively.
The number of live embryos at the end of the 3rd 
week of incubation is shown in Table 41. Analysis of 
variance revealed no significant difference between 
treatments (Table 42). The control group of eggs had 41 
live embryos, while Aroclor 1221 had 4 7 and £,£'-DDE 
had 35. Thus, there was a decline in embryo survival 
from the 2nd week to the 3rd week. Six embryos died in 




The percent hatch of embryonated eggs in Experiment
I is given in Table 43. Statistical analysis using the 
Chi-square test showed no significant differences between 
treatments in hatchability. Eggs from hens fed £,£'-DDT 
had the highest hatchability (94.9%). Eggs from the 
control group of hens had a hatchability of 8 8.3% while 
the lowest hatchability was observed in hens fed jo,_p'-DDE 
(83.6%).
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TABLE 3 9
EMBRYONATION (AFTER 2 WEEKS OF INCUBATION) OF 





4 5 6 7 Mean
Control 9 9 9 10 10 9.4 (+ 0.5)
Aroclor 1221 
(100 ppm)
12 12 8 12 8 10 .4 (+ 2.2)
£,£'-DDE 
(40 ppm)
7 11 9 10 11 9.6 <± 1 '7'>
^Twelve eggs were incubated from each replicate of each
treatment.
TABLE 40
LEAST-SQUARES ANALYSIS OF VARIANCE OF 
EMB RY ONATION AFTER 2 WEEKS OF INCUBATION 
(EXPERIMENT III)
Source d.f. Mean squares up i
Total 14
Treatment 2 1.40 0.53 NS
Control vs Aroclor 1221 
+ DDE
1 1.19 0.45 NS
Aroclor 1221 vs DDE 1 1.59 0.60 NS
Error 12
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TABLE 4 1
L IV E  EMBRYOS AFTER 3 WEEKS OF IN C U B A T IO N
(EX PER IM EN T I I I )
Replication1
Treatment 3 4 5 6 7 Mean
Control 8 9 7 10 7 8.2 (+ 1.3)
Aroclor 1221 
(100 ppm)
11 10 8 12 6 9.4 (+ 2.4)
p,p'-DDE 
(40 ppm)
5 8 4 9 8 6.8 ( + 2.2)
1Twelve eggs were incubated from each replicate of each
treatment.
TABLE 42
LEAST-SQUARES ANALYSIS OF VARIANCE OF LIVE 
EMBRYOS AFTER 3 WEEKS OF INCUBATION 
(EXPERIMENT III)
Source d.f. Mean squares up M
Total 14
Treatment 2 8.47 2.0 8 NS
Control vs Aroclor 12 21 
+ DDE
1 0.03 0.008 NS
Aroclor 1221 vs DDE 1 16.92 4.16 NS
Error 12 4.07




























3 83.33 86.96 90.48 90.00 95.24
7 88.89 83.33 78.95 84.62 96.00
11 92.59 81.82 81.25 84.62 93.33
Mean 88.27 84.04 83.56 86.41 9 4.86
^See Appendix Table 19 for raw data.
ooVD
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E x p e r i m e n t  I I I .
The percentage of embryonated eggs that hatched in 
Experiment III is shown in Table 44. There was no signi­
ficant difference between treatments (Table 45). However, 
86% of embryonated eggs from the control group hatched, 
while only 61% of those from the Aroclor 1221 and 76% of 
those from the £,£'-DDE groups hatched.
Reproductive Success
"   - ---
Experiment I.
The reproductive success of New Hampshire hens fed 
various organochlorines was determined by calculating the 
percent of eggs incubated that produced chicks surviving 
for 14 days (Table 46). Statistical analysis using the 
Chi-square test showed no significant difference between 
treatments. However, the control had the highest average 
success (72.9%) while dieldrin had the lowest (66.3%).
A total of only 3 chicks died during the 14-day holding 
period: 1 each in the dieldrin, o,£'-DDT and p,p'-DDT
egg groups during the first observation (3rd week).
Experiment III.
Table 47 shows the number of ducklings surviving 
for 14 days that hatched from 12 eggs incubated from each 
replicate of 1-year-old ducks in each treatment. Analysis
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TABLE 4 4
PERCENT HATCH OF EMBRYONATED EGGS
(EX PER IM EN T I I I )
Replication'^
Treatment 3 4 5 6 7 Mean
Control 88 100 71 70 100 86 ( + 14.8)
Aroclor 1221 
(100 ppm)
82 50 75 67 33 61 ( + 19 .9)
£,£*-DDE 
(40 ppm)
100 50 100 67 63 76 ( + 22.8)
"^Twelve eggs were incubated from each replicate of each 
treatment.
TABLE 45
LEAST-SQUARES ANALYSIS OF VARIANCE OF 
PERCENT HATCH (EXPERIMENT III)
Source d.f. Mean squares nF i
Total 14
Treatment 2 75 3.80 2.00 NS
Control vs Aroclor 1221 
+ DDE
1 978.17 2.59 NS
Aroclor 1221 vs DDE 1 532.89 1.41 NS
Error 12


















PERCENT OF EGGS INCUBATED THAT PRODUCED CHICKS SURVIVING 










3 71.43 67.86 70.37 60.71 70 .37
7 64.00 66.67 65.22 75.86 80 .00
11 83.33 64.29 65.00 75.86 60 .87
Mean 72.92 66.27 66.86 70.81 70 .41




NUMBER OF EGGS INCUBATED THAT PRODUCED 
DUCKLINGS SURVIVING FOR 14 DAYS 
(EXPERIMENT III)
Replication-*-
Treatment 3 t 5 6 1 Mean
Control 7 9 5 7 7 7.0 ( + 1.4)
Aroclor 1221
(100 ppm) 9 5 6 8 2 6.0 ( + 2.7)
p,p'-DDE
(40 ppm) 5 4 4 6 5 4.8 <± 0.8)
■^ Twelve eggs were incubated from each replicate of 
each treatment.
TABLE 48
LEAST-SQUARES ANALYSIS OF VARIANCE OF DUCKLING 
SURVIVAL (EXPERIMENT III)
Source d.f. Mean squares upI
Total 14
Treatment 2 6.07 1.78 NS
Control vs Aroclor 1221 
+ DDE
1 8.50 2.50 NS
Aroclor 1221 vs DDE 1 3.58 1.05 NS
Error 12
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of variance revealed no significant difference between 
treatments (Table 48). The control group of eggs had a 
total of 35 live ducklings, after 14 days, while the 
Aroclor 12 21 group had 30 and the p,p'-DDE group 24. This 
is a reduction of 14.3% in Aroclor 1221 and 31.4% in 
£,E.' —DDE groups, respectively. During the two-week post­
hatch observation period, 1 duckling from the control 
group and 2 from the Aroclor 1221 group died.
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Organochlorine Residues in Eggs
Draper et al. (19 52) demonstrated that the 
accumulation of DDT residues in eggs and fat of domestic 
chicken was related to dietary levels. Similar results 
were obtained in this study on New Hampshire chickens 
(Experiment I, Table 4) with £,p'-DDT and dieldrin.
Both reached a plateau at the 8-10th week of feeding, 
thus supporting the findings of Cummings et al. (1966) 
and those of Graves et al. (1969).
Bitman (1970) fed equal amounts of o,p'-DDT and 
£,£'-DDT to quail and found 20-fold or more of £,p'-DDT 
to o,£ '-DDT in the liver and lipids thus concluding a 
greater metabolism and excretion of o,£'~DDT than £,£'-DDT. 
In the present study egg residues of o,p'-DDT were about 
one-fourth that of £,£'-DDT even though both were fed at 
a rate of 100 ppm.
Unlike dieldrin and p,p 1-DDT, the other two com­
pounds studied in Experiment I, namely p,p'-DDE and 
o,£'-DDT, reached a maximum of 81.6 ppm and 18.1 ppm, 
respectively, in the 12-week duration of the study= 
Therefore, these compounds, in particular £,£'-DDE, may 
appear in the eggs at levels higher than that
95
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administered. Such a phenomenon has been demonstrated on 
Japanese quail fed 50 ppm £,p'-DDE which resulted in 57.5 
ppm in the egg on the 60th day (Ames 1966). This is 
further supported by the detection of egg residue levels 
of £,£'-DDE and Aroclor 1221 at about 2.5 times the 
administered level in mallard ducks (Experiment III,
Table 5) . However, the ducks were fed for 25 weeks while 
the chicken experiment lasted only 12 weeks.
All the compounds fed to chickens (Experiment I) 
appeared in the original form except £,£'-DDT which 
appeared also as £,£*-DDE and £,£'-DDD (Table 4) . The 
conversion to the latter metabolite might have occurred 
during freezer storage for several months (as demonstrated 
by French and Jefferies 1969). These workers also demon­
strated isomeric conversion of o,£'-DDT to £,£'-DDT in 
homing pigeons. Similar results have been reported for 
Bengalese finches and isolated pigeon livers and were 
thought to be caused by a facultative aerobe, Proteus 
vulgaris (Barker et al. 1965). Such isomeric conversion 
did1not take place in the chicken study when o,£'-DDT was 
fed (Experiment I). Similar results were obtained by 
Lamont et al. (19 70) on mallards, though o,£'-DDD was 
detected in the liver and breast muscle of those fed 
o,p'-DDT.
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The eggs of Aroclor 1221-treated mallard ducks 
produced GLC peaks quite similar to those of Aroclor 
1254 (Bonner 1971). Therefore, the widespread detection 
of Aroclor 1254 from field-collected samples needs closer 
evaluation. Such peak characteristics may be due to 
natural metabolic processes in the avian system or to 
different amounts of the compound being injected into 
the GLC.
Effect of Organochlorines on Eggshells
Eggshell thinning has been reported by several 
authors (Ratcliffe 1967, Hickey and Anderson 1968, Heath 
et al. 1969, Anderson and Hickey 1970) to be associated 
with declining populations of certain bird species. In 
the present study, mean shell thickness of eggs laid by 
New Hampshire hens fed either dieldrin (10 ppm), p,£'-DDT 
(100 ppm), p,p '-DDE (100 ppm), or o,p'-DDT (100 ppm) were 
not significantly different from that of hens fed control 
rations (Table 6, Experiment I). In fact in the 9th week 
of feeding, the o,£'-DDT and dieldrin treated hens pro­
duced eggs that were thicker than those of the control by 
3.1 and 2.4%, respectively. Eggs laid by White Leghorn 
chickens (Table 8, Experiment II) fed either p,p'-DDE 
(lOOppm) , Aroclor 1221 (100 ppm) or p,p'-DDT + dieldrin 
( 5 0 + 5  ppm) were not significantly different in eggshell
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strength or eggshell thickness from those laid by control 
hens. Shell strength and shell thickness were signifi­
cantly (P = .01) associated (r = .82) (Tables 8 and 10).
In both Experiments I and II there was a highly 
significant change in thickness or strength between weeks 
of observation, indicating that other factors such as 
temperature, and ageing of the chickens had a relatively 
more pronounced deleterious effect on eggshell thickness 
than did the organochlorines fed. Eggshell thinning was 
caused experimentally by intraperitoneal injection of White 
Leghorn hens with either 200 or 400 mg/kg of sulfanilamide 
(Appendix Table 20). Omite®, an acaricide related to 
sulfanilamide, also caused the production of eggs without 
shells in White Leghorn hens given 500 mg/kg in an oral 
injection (Appendix Table 20). Sulfanilamide (Benesch et 
al. 1944) and Arasan (Johnson et al. 1955, Swanson et al.
19 55) are known to cause eggshell thinning and/or the pro­
duction of soft-shelled or eggs without shells in poultry.
Mean shell thickness of eggs laid by mallard ducks 
(Experiment III) fed £,£'-DDE (40 ppm) or Aroclor 1221 
(100 ppm) was significantly different between treatments, 
with a decline in thickness of up to 23.1 and 1.25% in the 
p,p'—DDE and Aroclor 1221 groups, respectively. Only the 
p,p'-DDE treatment data were significantly different from 
that of the control. The extent of shell thinning by
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P'E'-DDE was more severe than that reported by Heath et al. 
(1969) on the same species of birds (13%) at the same 
dosage rate used in this study.
The evidence reported by various workers linking 
DDE or other organochlorine compounds to eggshell thin­
ning on field-collected eggs (Hickey and Anderson 196 8, 
Anderson et al. 1969, and Peakall 1970) or in controlled 
experiments (Heath et al. 1969> Enderson and Berger 1970, 
and Bitman 19 70) is supported by the data from mallard 
ducks (Experiment III) but negated by the data for New 
Hampshire and White Leghorn chickens. Thus, interspecific 
differences in the response of birds to organochlorine 
residues are evident.
Bitman et al. (1969) classified quail as susceptible 
and resistant based on the number of broken and intact eggs 
produced. A similar phenomenon was observed in White 
Leghorn hens (Experiment II). The total number of cracked 
eggs and the total number of soft-shelled or eggs without 
shells laid in 13 weeks by each hen are listed in 
Appendix Tables 11 and 12, respectively. Examination of 
these data reveal that certain hens have a natural pro­
pensity to lay deformed eggs, regardless of the 
organochlorine fed. For instance, the hen in block 2 of 
the control laid 11 of the 18 cracked eggs observed in the 
control and 19 of the 35 soft-shelled or eggs without
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shells. Anderson et al. (1969) had suggestive evidence 
that PCB's affected eggshell thickness, although to a 
lesser extent than DDE. Single massive dose (1000 mg/kg) 
of Aroclor 126 8 caused 18% eggshell thinning in a mallard 
duck 1 day after administration (Tucker and Haegle (1970). 
In Experiments II and III Aroclor 1221 fed to White Leg­
horn or mallard hens at 100 ppm did not significantly 
affect eggshell thickness. Vermeer and Reynolds (1970) 
were unable to demonstrate any correlation between shell 
thickness and PCB residues in eggs of great blue herons 
while DDE levels showed a correlation; DDE levels also 
were correlated to eggshell thickness in eggs of the 
prairie falcon (Fyfe et al. 1969) .
Decline in eggshell weight from the eras prior to 
the advent of DDT to the present has also been demonstrated 
(Blus 19 70 , Anderson and Hickey 19 70). Mean shell weights 
of eggs laid by mallard hens (Table 14) fed 40 ppm 
33#p'~DDE or 100 ppm Aroclor 1221 were significantly dif­
ferent from the mean shell weight of eggs laid by control 
hens. Although the greatest decline in shell thickness 
was 1.25 and 23.1% (Table 11) in the Aroclor 1221 and 
p,p'-DDE groups, respectively, the corresponding decline 
in eggshell weight was 8.0 and 25.5%. Correlation analysis 
between shell thickness and shell weight revealed a highly 
significant (P = .01) linear association between these two 
parameters (r = .9 3) . However, shell weight seemed to
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be more indicative of eggshell changes than shell 
thickness. Nevertheless it is questionable as to which 
method would be best to measure eggshell changes in wild 
bird population declines.
Gaisford (1965) found shell strength to be a com­
bination of a number of factors including shell thickness, 
membrane thickness, egg size, egg shape, shell protein 
level and pore size. For routine purposes, he suggested 
that the measurement of shell thickness or specific 
gravity would give the most practical indication of shell 
quality.
Richards and Swanson (1965) studied the relation­
ship of shell thickness, egg shape, specific gravity, and 
egg weight to shell strength, and found shell thickness 
to be the best indicator of shell strength but could 
explain only about 56 percent of the total variation in 
crushing strength.
Morgan (19 32) reported that a definite positive 
correlation existed between the percent shell of an egg 
and its breaking strength.
Shell thickness, specific gravity of egg, percent 
egg as shell, and shell weight appeared to be almost 
equally valid as estimators of shell strength measured by 
crushing or impact (Frank et al. 1964).
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Percent shell, shell thickness, specific gravity, 
shape index and egg weight were studied in relation to 
resistance to puncture; of these the first 2 were the 
best indices (Mueller 1957}.
Bitman et al. (1969) showed a significant differ­
ence in egg weight in quail between the control group and 
those fed o,p'-DDT and p,p'-DDT. Mean weights of eggs 
from mallard hens (Table 19) were reduced 4.9 and 7.2% in 
the Aroclor 1221 and £,p-DDE fed groups, respectively, 
but only the egg weights in the latter group were 
significantly (P = .05) reduced. There was also a decline 
(not statistically significant) in volume of the eggs 
(Table 16) of 4.4 and 5.4% respectively, in the Aroclor 
1221 and £,p'-DDE fed groups. Similarly, there was no 
statistically significant difference in the density of 
eggs laid by control ducks and those fed either of the 
organochlorines (Table 21).
Frank et al. (1965) found the calcium content of 
eggshells to range from 33 to 40% in chicken eggs. In 
the mallard hens (Experiment III) calcium content varied 
from 35 to 37% per unit weight of eggshell. However, when 
calculated as the mean weight of calcium in eggshells 
based on actual shell weight, there was a highly signifi­
cant (P = .01) reduction in both Aroclor 1221 (-9.6%) and 
£,£1 — DDE ( — 27.3%) fed ducks.
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Effect on Organochlorines on Carbonic Anhydrase Activity
Carbonic anhydrase controls the deposition of 
calcium carbonate in the uterine epithelium of laying hens 
and the mantle of mollusks (Davis 1961). Several com­
pounds including DDT have been shown to inhibit carbonic 
anhydrase in vitro (Torda and Wolff 1949, Webb 1966,
Keilin and Mann 1940, Davis 1961). In fact the in vitro 
inhibition of this enzyme from bovine erythrocytes has been 
used as a sensitive method for detection of DDT (Keller 
19 52). The inhibition of carbonic anhydrase by sulfanila­
mide or acetazolamide and the concurrent production of 
thinner or pitted shells in chickens is well demonstrated 
(Benesch et al 19 44, Gutowska and Mitchell 1945, Bernstein 
et al. 196 8) .
Intraperitoneal administration of sulfanilamide to 
White Leghorn chickens at 400 mg/kg produced significant 
eggshell thinning and 87% inhibition of uterine carbonic 
anhydrase (Appendix Table 20 and Appendix page 196).
Several organochlorines (£,£'-DDT at 100 mg/kg, £,£'-DDE 
at 400 mg/kg, Aroclor 1221 at 400 mg/kg, Aroclor 1268 at 
100 mg/kg, and £,£'-DDT + Aroclor at 200 mg/kg each) admin­
istered as a single massive dose appeared to have no effect
10 3
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on ill v^vo carbonic anhydrase activity of the uterus or 
eggshell thickness (Appendix Table 20).
Similarly organochlorine compounds fed to poultry 
or mallard ducks failed to inhibit carbonic anhydrase 
activity in the uterus to a statistically significant 
degree. Nevertheless, nearly all chemicals fed did re­
duce the activity below that recorded for control birds. 
However, there was no indication of any relationship 
between enzyme activity and shell quality. New Hampshire 
hens administered o,jo'-DDT (100 ppiri, Experiment I) had 
thicker eggshells than those from control birds but the 
enzyme activity was 12.3% less than that recorded 
for. the controls. With White Leghorn hens (Experiment II), 
there was much less difference in enzyme inhibition 
between treatments and the control with a maximum inhibi­
tion of 3.2% in the jd,jd'-DDE group which exhibited no 
difference in shell strength from that observed in the 
controls. Carbonic anhydrase activity in the uteri of 
mallard ducks fed 40 ppm p_,g_'-DDE, despite a statistically 
significant decline in shell thickness (23.1%), shell 
weight (25.5%), and calcium content (27.3%) of the shell, 
was not reduced significantly. However, the enzyme 
activity was reduced 6% from that noted in the controls.
The Aroclor 1221 group had a reduction of 6.3% in enzyme 
activity over the control, but little or no decline in
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shell thickness (-1.25%). Thus, there appears to be no 
correlation between carbonic anhydrase activity and egg­
shell thickness, shell weight, or calcium content of the 
shell.
The degree of inhibition of carbonic anhydrase 
necessary to affect eggshell thickness is questionable. 
Maren (1967) stated that the reduction by 60% in carbonic 
anhydrase activity of the shell gland of ringdoves 
(Peakall 19 70) and 18% in Japanese quail (Bitman et al.
19 70) is usually not enough reduction for physiological 
inhibition. Dvorchik et al. (1971) used human red cell 
carbonic anhydrase to determine in vitro inhibition by 
£,£'-DDT and g^p'-DDE and observed none at concentrations 
of 50 to 80 ug/ml. DDT at concentrations of 50 to 85 
ug/ml on semipurified bovine carbonic anhydrase failed to 
cause any inhibition, though it progressed from 37 to 88% 
as the concentration of DDT increased from 200 to 500 
ug/ml. Therefore, Dvorchik et al. (19 71) suggested that 
DDT probably does not effectively inhibit carbonic anhy­
drase at the usual tissue concentrations found in 
organisms in the environment.
Mueller (1962) and Heald et al. (1968) were unable 
to correlate uterine carbonic anhydrase activity with 
eggshell strength. Mueller (1962) believes that the effect
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of carbonic anhydrase inhibition on shell deposition is 
linked to its diuretic action. 1-Ieald et al. (1962) 
stated that the enzymic potential was at all times likely 
to be sufficient to provide adequate carbonate ions for 
shell formation and other factors such as transport to 
and release of calcium ions in the shell gland, are 
likely to be of greater significance in determining 
the strength of the shell.
Anderson and March (19 56) were unable to demon­
strate an effect of DDT on insect carbonic anhydrase 
either in vivo or in vitro.
Jefferies and French (19 71) explained the thin
shelled phenomenon in homing pigeons fed high levels of 
£,£'-DDT to be due to hypothyroidism.
The function of carbonic anhydrase in the uterine 
mucosa is apparently to assure that the bicarbonate ion 
supply is not limiting (Bernstein et al. 19 68). The 
present study suggests that uterine carbonic anhydrase is 
not so significantly affected as to limit bicarbonate ion 
supply for eggshell deposition. Therefore, the marked 
decline in eggshell thickness, weight, and calcium content 
is probably due to some other factor(s) that limit(s) 
calcium ion deposition in the eggshell. Organochlorines 
may affect calcium metabolism in birds by (1) induction of 
hepatic microsomal enzymes that metabolize steroids,
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(2) inhibition of thyroid gland, (3) inhibition of para­
thyroid gland, (4) inhibition of medullary bone 
deposition, (5) influence of vitamin D metabolism, and 
(6) direct effect on the nervous system.
Reproductive Success
The decline of the peregrine falcon has been 
attributed to failure of females to lay eggs (Ratcliffe 
19 70). Lowering of egg production has been demonstrated 
in ring-necked pheasants by feeding dieldrin at 6 mg/hen/ 
week (Genelly et al. 1958), or 90 and 355 ppm in the feed 
(Atkins and Linder 1967) and in Japanese quail fed 20, 30, 
or 40 ppm (Walker et al. 1969). In Experiment II where 
White Leghorn hens were fed either £,p'-DDE (100 ppm) , 
Aroclor 1221 (100 ppm) or a mixture of p,p'-DDT and 
dieldrin ( 50+5 ppm), egg production in the treated birds 
was not significantly different from that of the controls 
(Table 25). However, there was a highly significant dif­
ference in egg production between weeks (Table 26) which 
was probably due to ageing.
Similar results on production have been reported on 
chickens fed dietary dieldrin at 5 ppm (Graves et al. 1969). 
Egg production in Japanese quail fed up to 400 ppm DDT 
also was not affected (Smith et al. 19 69) .
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Where mallard ducks were fed p,p'-DDE (40 ppm) or 
Aroclor 1221 (100 ppm) and held in group pens, there was 
a highly significant difference in observed egg production 
between the treated ducks and control ducks (Table 29). 
Also, there was a highly significant difference in the 
e<39 production of the 1 and 2-year-old ducks held in pens 
(Table 30), the younger ducks being more productive. 
However, significantly decreased egg production was noted 
in both the old and young dubks fed organochlorines 
(Table 28) .
Porter and Wiemeyer (19 69) reported the influence 
of pesticides on reproductive success to be greater in the 
yearling group than in the parental group of American 
sparrow hawks. In the present study, parental ducks "pro­
duced1’ fewer eggs than yearlings in pens of corresponding 
treatment: Control -34.5%, Aroclor 1221 -122.2%, p,p'-DDE
-87.0%. These data indicated that egg production is 
naturally lowered by age, and that both Aroclor 1221 and 
p,p 1—DDE more deleteriously affect egg production in 
parental ducks than in yearlings.
The percentage decline in observed egg production 
in the 1-year-old ducks held in group pens was 31.0 3 in 
the Aroclor 1221 group and 25.86 in the £,p'-DDE group. 
However, after observing egg eating and egg breakage in 
the group pens, the actual egg production of 1-year-old
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ducks was recorded while they were held in individual 
cages that prevented them from eating eggs. Egg pro­
duction of treated birds held individually was not 
significantly different from that recorded for control 
birds (Table 29 and 31). However, there was a significant 
difference between the 2 treatments. The egg production 
in the Aroclor 1221 group was 22.9% less than that of the 
control group while the p,p'~DDE group laid 10.4% more 
eggs „
The number of eggs collected in the pens was the 
actual egg production minus the number of eggs^  accidentally 
or deliberately cracked by the ducks and lost. Thus the 
transfer of the 1-year-old ducks to individual cages for 
an 11 day period permitted data to be obtained on actual 
egg production. This made it possible to determine 
theoretically the number of eggs cracked and lost in the 
pens.
Due to a natural decline in egg production in the 
cages in all treatments, calculations were based on the 
assumption that no eggs were lost in the control pens.
Based on this assumption, there appeared to be a daily 
mean loss of 0.0 5 eggs per duck in the Aroclor group and
0.21 in the £,£'-DDE group. (This would amount to about 
5 eggs per day lost in the £,p'-DDE group).
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Reproductive failures in declining populations of 
British raptors were characterized by egg disappearance, 
egg breakage, and egg-eating by the parents (Ratcliffe 
1958, 1960) .
Differences in egg disappearance between dosed (15 
+ 3, and 5 + 1  ppm, p,p'-DDT + dieldrin), and control 
sparrow hawks were significant in most experimental groups. 
Egg disappearance was thought to be due to breakage of 
thin shelled eggs and to eating of eggs or newly hatched 
young by parent birds (Porter and Wiemeyer (19 79).
Ratcliffe (19 70) stated that eggs with thin shells 
are more prone to accidental mechanical damage than those 
with normal shells, and are more susceptible to normal 
hazards during incubation. Dented peregrine falcon eggs 
have been seen and such eggs have thinner shells. How­
ever caused, damage to eggs in the nest usually elicits a 
change in psychological response in parent birds, which 
then destroy (usually by eating) or remove the affected 
eggs (Caroline and Nethersole-Thompson 1941).
Ratcliffe (1970) reported that while eggshell 
changes imply internalized reduction in calcium carbonate 
supply, the metabolic change might also be expressed as 
behavior tending to increase calcium carbonate intake,
i.e. a "lime-hunger" which gives the bird an appetite for 
its own eggshells, regardless of whether they are damaged
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or not. The frequent eating of hatched eggshells suggests 
that many species have a need to conserve calcium. It is 
also possible that egg breaking is simply a behavioral 
response to the changed internal state of the bird, with 
no nutritional significance, and may occur without 
previous damage to eggs.
The New Hampshire chickens (Experiment I) did not 
appear to damage or crack the eggs in the pens throughout 
the duration of the experiment. However, egg loss was 
observed in mallard ducks (Experiment III). Some of these 
eggs were apparently cracked accidentally due to laying on 
the hard wire floors of the pens. Cracked eggs and/or 
yolks, were found beneath the pens, especially in the 
group fed p,p'-DDE. Also restlessness in ducks fed 
DDE was observed and may be the cause for more 
cracked eggs in the group. Ducks were observed to peck 
on eggs and to break them. The ducks continuously pecked 
the eggs and they were commonly broken in about one-half 
hour. Then the shells and contents were immediately con­
sumed with much competition among the ducks.
Enderson and Berger (19 70) were able to correlate 
pesticide residues, thin eggshells, and poor hatching 
success in prairie falcons fed dieldrin-contaminated 
starlings. In the present study eggs were hatched in 
electric incubators, hence it was not possible to
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determine the number of eggs that may have cracked or have 
been destroyed as under natural conditions. Thus the 
reproductive success reported in Experiment I (Table 46) 
and Experiment III (Table 47) is probably greater than 
that occurring in the wild with eggs having similar levels 
of contamination. However, it appears unwise to draw 
general conclusions of such effect(s) for all wild bird 
species, since chickens did not exhibit any significant 
effects of treatment on egg production, shell thickness, 
egg breakage, egg eating, and embryonation or hatchability. 
Therefore, birds with similar physiology or "resistance" 
to organochlorine contamination as chickens may not be 
affected in the wild.
Mallard ducks in addition to a significant reduc­
tion in egg production when held in groups of 5 hens and 
2 drakes per pen and fed either £,p'-DDE (40 ppm) or 
Aroclor 1221 (100 ppm), also exhibited a marked decline 
in shell thickness in the _p,p'-DDE group. The decrease 
in egg production apparently was due to egg breakage and 
egg eating as there was no significant difference between 
egg production of the organochlorine fed ducks and the 
control ducks when held in individual cages where the egg 
could not be touched by the ducks after laying. Neither 
experimental situation is entirely camparabie to 
natural conditions.
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Embryonation of ducks 2 weeks after incubation was 
not affected by either treatment indicating that neither 
Aroclor 1221 nor p,p'-DDE affects fertility in the hens 
or drakes (Table 39).
The number of live embryos 3 weeks after incubation 
was 17.1 percent less in the p,p'-DDE group than in the 
control group indicating that DDE may have caused embryonic 
mortality during development (Table 41) . However, the 
Aroclor 1221 group had 14.6 percent more live embryos than 
the control group which had a rather high natural mortal­
ity of embryos. The difference in live embryos between 
the two treatments and the control were not statistically 
significant.
Of the live embryos in the 3rd week of incubation, 
a total of 6 in the control group, 17 in the Aroclor 1221 
group, and 10 in the £,£'-DDE groups, respectively, failed 
to hatch (Table 44). These data indicated that Aroclor 
1221 either caused a relatively higher mortality of embryos 
after the 3rd week of incubation or had a deleterious 
effect on emergence of ducklings from the eggs. Also 
ducklings hatching from £,jo'-DDE contaminated eggs appeared 
to be less active than those hatching from control eggs. 
Based on the number of eggs incubated, the overall hatch- 
ability of Aroclor 1221 and DDE treated groups had
declines of 14.3 and 31.4%, respectively. These declines
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were not statistically significant (Table 47). However, 
the sample sizes were rather small.
Therefore, in addition to a possible decline in 
hatch due to egg breakage, £,£'-DDE appeared to cause 
embryonic mortality and failure of duckling emergence at 
residue levels present in this study (104.7 ppm in the 
egg). Aroclor 1221 seemed to cause a reduction in egg 
production, some egg breakage, and failure of duckling 
emergence. Thus both chemicals, particularly £,£'-DDE, 
could possibly cause mallard duck population declines (at 
contamination levels similar to those used experimentally) . 
Such a phenomenon was not at all apparent in chickens 
emphasizing the difference in interspecific response to 
£,£'-DDE and Aroclor 1221.
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TABLE 1
NAMES AND SOURCES OF COMPOUNDS USED IN THE STUDY
Compound Name of Compound Source

























Aroclor 1221® chlorinated biphenyl Monsanto
Company
Aroclor 1260® chlorinated biphenyl Monsanto
Company
sulfanilamide benzenesulfonamide
Carbaryl 1-naphthyl methylcarbamate Union
Carbide
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TABLE 1 (continued)




0,0-dimethyl S(4-oxo-l,2,3-benzo- Chemagro 
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TABLE 2
SHELL THICKNESS (MICRONS) OF EGGS FROM NEW HAMPSHIRE 
HENS FED VARIOUS ORGANOCHLORINES (EXPERIMENT I, 1969)
1st OBSERVATION (WEEK 3)
Date
Egg 7/22 7/23 7/24 7/25 7/26 7/27 7/28
Control
1 246 315 269 277 267 353 175
2 351 249 272 262 310 282 292
3 345 259 300 305 297 287 310
4 272 251 338 348 333 302 284
5 295 2 82 264 300 335 267 284
6 323 292 244 262 328 249
7 272 305 297 264 264
8 315 295 300 295 325




Mean 302 272 295 292 300 297 272
Dieldrin (10ppm)
1 333 277 267 267 272 264 267
2 269 333 259 330 315 312 262




Egg 7/22 7/23 7/24 7/25 7/26 7/27 7/28
3 297 264 282 267 300 287 284
4 229 328 259 335 345 236 236
5 302 264 269 272 264 284 30 7
6 328 284 282 292 320
7 287 264 244
Mean 292 290 267 292 292 277 274
£ , p ' - D D E(100 ppm)
1 297 318 310 272 246 297 269
2 279 328 333 259 30 7 262 269
3 274 292 320 269 269 307
4 262 279 312 277 282 315
5 312 320 30 5 269
6 244 251 264
7 274
Mean 279 295 323 290 282 274 290
Ojrj^ '-DDT (100 ppm)
1 290 300 267 300 312 348 310
2 338 320 320 338 244 302 338
3 345 277 297 269 284 259 290
4 254 320 292 282 315 251 267




Egg 7/22 7/23 7/24 7/25 7/26 7/2 7 7/28
5 302 277 338 325 277 315 262
6 30 7 292 274 312 335 312
7 323 282 262 279 290 284




Mean 310 297 292 300 290 295 295
£,£'-DDT (100 ppm)
1 302 328 236 318 254 262 262
2 180 264 323 282 282 284 292
3 312 269 318 300 351 295 279
4 259 297 290 264 30 2 272 259
5 284 323 259 325 297 323
6 333 30 7 262 300 213
7 290 295 297
8 284 320
9 295
Mean 279 297 2 82 290 302 282 274
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TABLE 2 (continued)
2nd OBSERVATION (WEEK 6)
Date
Egg 8/18 8/19 8/20 8/21 8/22 8/23 8/24
Control
1 300 259 254 264 297 246 264
2 257 279 315 302 30 5 30 7 262
3 318 246 328 251 267 254
4 279 251 307 239 257
5 302 239 279 300
6 277
7 274
Mean 292 262 277 282 300 272 259
Dieldrin (10 ppm)
1 262 241 264 30 7 226 300 259
2 259 264 282 262 251 264 246
3 305 262 257 312 312
4 274 315 302 19 3
5 262
6 338
Mean 274 279 277 269 239 282 272
£,p'-DDE (100 ppm)
1 300 323 305 297 295 254 246




Egg 8/18 8/19 8/20 8/21 8/22 8/23 8/24
2 310 19 8 325 267 287 312 213
3 257 218 315 2 39 292
4 246 244 262 292




Mean 290 259 274 269 292 262 259
£,£'-DDT (100 ppm)
1 284 277 284 259 330 356 282
2 282 284 272 356 267 251 287
3 328 259 333 277 318 249 282
4 335 262 282 244 269 287 340
5 295 252 264 287 269 272
6 305 279 259
7 279 333
Mean 305 267 287 287 29 7 290 287
£,£'-DDT (100 ppm)
1 297 351 290 29 7 295 287 312




E 2SL 8/18 8/19 8/20 8/21 8/22 8/2 3 8/24
2 295 277 269 168 257 267 295
3 264 274 302 262 249 277 282
4 272 279 290 262 264 196
5 279 19 8 287 292 300
6 287 292
7 284
Mean 282 295 274 241 269 279 277
3rd OBSERVATION (WEEK 9)
Egg 9/15 9/16 9/17 9/18 y/19 9/20 9/21
Control
1 267 259 249 257 318 269 262
2 295 335 300 254 239 356 264
3 328 325 305 348 318 302 277
4 257 267 315 307 343 262 333
5 267 307 259 246 254 312






Mean 282 300 284 292 292 29 7 2 86




Egg 9/15 9/16 9/17 9/18 9/19 9/20 9/21
Dieldrin (10 ppm)
l 287 323 269 328 211 264 320
2 310 325 279 302
3 300 333
4 348
Mean 300 323 269 328 292 264 310
p,p1-DDE (100 ppm)
1 254 300 274 246 332 323 307
2 312 30 5 269 30 2 272 305 29 7
3 312 241 325 307 302 274 152
4 221 213 330 284 277
5 315 262
Mean 292 277 269 287 295 29 5 251
o,p'-DDT(100 ppm)
1 30 7 274 302 251 269 259 272
2 325 328 356 325 259 282 325
3 279 259 30 7 284 325 348 330
4 333 312 277 312 333 302 272
5 338




Egg 9/15 9/16 9/17 9/18 9/19 9/20 9/21
6 302
Mean 315 295 310 292 297 297 300
£,£'-DDT (100 ppm)
1 264 193 272 325 300 312 257
2 269 282 284 277 287 262 297
3 348 369 264 369 379 262
4 295 312 315 295 277 239
5 302 300 2 72 277
Mean 297 272 2 82 292 284 269 277
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
138
TABLE 3
SHELL STRENGTH (cpm X 103) OF EGGS FROM WHITE
LEGHORN HENS FED VARIOUS ORGANOCHLORINES
(EXPERIMENT II, 19 70)
1st Observation (Week 4)
Date
Block 6/24 6/25 6/26 6/27 6/28 6/29 6/30 Mean
1 537 534
Control 
529 536 522 528 5 31
2 - 479 - - - -  - ■ = 479
3 _ — 527 — 522 512 519 517
4 - - - -
506
- - -
5 - 515 - 521 519 522 - 519
6 513 523 - 537 524 511 509 520
7 - - - - - - - -
8 521 - - 528 531 531 - 528
9 - 535 - 524 - 527 526 528
10 - 531 525 521 514 529 - 52 4
11 - 529 514 52 4 - 519 - 522
12 - 526 5 30 539 - - 518 528
13 535 540 527 - 531 523 523 530
14 - - 511 - 525 521 - 519
15 533 533 528 - 526 529 524 529
16 526 533 - 520 - - - 526
17 - - - - - - - -




Block 6/24 6/25 6/26 6/27 6/28 6/29 6/30 Mean
18 - - - - - - -
19 - 539 526 - 522 531 531 530
20 516 530 528 521 531 528 515 524
21 - - - - - - - -
22 542 - 544 535 - 532 542 539
23 540 542 - 529 524 531 530 533












1 536 - 533 532 - 531 525 531
2 497 - - - - - - 497
3 527 527 530 528 521 - 522 r /- J i U
4 - 524 514 529 533 529 - 526
5 - - - 521 - - - 521
6 - - - 521 525 - 520 522
7 521 - 511 515 522 516 506 515
8 - - - - - - - -
9 522 525 - - 518 524 - 522
10 - 529 522 - 524 516 - 523
11 - 540 - 525 533 - 533 533
12 529 532 ~ 533 534 518 518 527




Block 6/24 6/25 6/26 6/27 6/28 6/29 6/30 Mean
13 - 537 530 521 - 524 521 527
14 529 531 531 525 522 - 527 526
15 - _ - - - - - -
16 527 534 - _ 518 524 525 526
17 534 536 - -- 522 523 - 529
18 526 533 531 526 - 516 518 525
19 522 537 536 - 525 520 515 526
20 - - - - - - - -
21 531 533 - 529 536 528 530 531
22 533 528 - 533 528 524 - 529
23 - - 527 534 530 528 - 530




f P '-DDE (100 ppm)
532 534 536
1 - - - - - - - -
2 501 511 - 503 501 503 499 503
3 524 517 524 524 - - 521
494
517
4 - 521 526 - - 511 509 517
5 - 525 - - 524 521 - 523
6 - 520 516 522 - 519 505 516
7 - - - 514 - - - 514




Block 6/24 6/25 6/26 6/27 6/28 6/29 6/30 Mean
8 - 528 516 516 510 - - 517
9 512 - 510 513 - - 512
10 519 - 518 506 509 513 - 513
11 534 536 538 - 524 519 523 529
12 537 533 535 532 - 526 526 532
13 527 526 528 - 523 528 515 525
14 537 532 536 - 528 530 532 533
15 537 - 527 530 - 528 526 530
16 531 520 524 - 526 530 - 526
17 532 531 532 - 536 533 525 532
18 - 531 532 - 528 524 519 527
19 526 524 - 526 522 522 521 524
20 - 533
507
- 533 537 527 530 528
21 529 541 - 529 528 528 — 531
22 528 516 - 527 527 526 - 525
23 529 529 526 - 528 528 513 527








1 - - 529 - - - - 529
2 527 534 - 532 530 531 - 531




Block 6/24 6/25 6/26 6/27 6/28 6/29 6/30 Mean
3 - 515 494 533 503 - 502 509
4 - - - 484 - 506 511 500
5
£








- 532 541 529 531 529 - 532
XU
11 527 535 - 521 528 - 520 526
12 529 526 536 - 522 528 519 527
13 - 530 - - 533 537 - 533
14 526 524 527 517 - 5 3.3 519 524
15 - 529 - - - 524 513 522
16 517 520 522 519 - 524 519 520
17 519 534 509 - 527 523 517 522
18 - 525 536 524 522 513 520 523
19 519 534 532 - 516 532 521 526
20 529 529 - 538 525 529 - 530
21 528 532 - 531 534 527 - 530
22 528 - 536 530 529 527 526 529
23 528 535 527 - 530 528 528 529
24 530 530 534 527 - 525 530 529
25 533 539 533 _ 530 522 531
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TABLE 3 (continued) 
2nd Observation (Week 8)
1 4 3
Date
Block 7/2 4 7/25 7/26 7/27 7/2 8 7/29 7/30 Mean
1 521 510 510
Control
514 515 513 514
2 - 498 - 510 502 496 498 501
3 528 522 512 520 ~ 517 500 516
4 - - - - - - - -
5 - 507 511 517 - 515 509 512
6 515 507 - 506 518 511 506 511
7 - - - - - - - -
8 526 518 526 524 - - 519 523
9 531 527 - 530 529 - 527 529
10 520 507 511 517 - 504 516 512
11 529 522 - 520 516 514 516 520
12 — 514 _ 523 _ 511 516
13 532
517
522 515 522 - 518
515
525 522
14 531 520 - 526 522 514 511 522
15 534 526 - 529 528 528 - 529
16 506 - 512 514 - 520 520 514
17 - - - - - - - -
18 525 510 - 514 517 - 521 517
19 529 - 528 525 528 531 - 528
20 532 514 514 519 522 527 510 520
21 - - - - - - - -




Block 7/24 7/25 7/26 7/2 7 7/28 7/29 7/30 Mean
22 540 - 533 533 - 527 529 532
23 - 524 531 538 - 521 532 529












1 529 525 - 520 527 519 521 52 4
2 - 491 - - - 491 491
3 - 518 516 - 523 515 517 518
4 541 529 522 512 - 521 524 525
5 - - - - 498 517 - 50 8
6 - 514 521 510 - 515 518 516
7 521 506 504 - 472 - 504 502
8 - - - - - - - -
9 - - 504 509 - 506 522 510
10 528 - 510 - - 499 498 509
11 528 - 521 - 525 524 525 525
12 - - - 509 - - - 509
13 - 521 525 514 519 - 510 518
14 531 - 518 524 526 512 510 520
15 - 520 517 - 529 522 530 524
16 525 514 - 512 520 526 522 520
17 531 517 - 516 527 - 516 521




Block 7/24 7/25 7/26 7/27 7/28 7/29 7/30 Mean
18 534 517 520 516 - 521 526 522
19 526 512 - 523 522 518 - 520
20 - - - - - - - -
21 532 523 520 523 - 520 523 52 4
22 - 522 523 - 527 521 529 524
23 - 526 525 514 - 524 520 522










1 - - - - - - - -
2 - - - - - - - -
3 523 515 505 512 - 514 521 515
4 - 497 - - - - 49 7
5 - 506 - - - 498 - 502
6 522 - 499 537 515 - - 518
7 524 - - 509 - - - 517
8 - - 512 511 - - 506 509
9 - - - - - - 499 499
10 528 - 500 518 - 495 506 509
11 - - - - - - - -
12 544 - 524 - - 529 525 531




Block 7/2 4 7/25 7/26 7/27 7/28 7/29 7/30 Mean
13 522 - - 509 531 - 522 521
14 522 522 - 522 533 522 525 524
15 538 522 515 530 - 513 524 524
16 521 504 - 516 523 517 - 516
17 - 523 518 - 519 519 517 519
18 525 - 519 517 521 - 523 521
19 529 518 512 514 515 519 - 518
20 543 - 530 526 - 522 528 530
21 533 530 - 518 516 530 - 525
22 - 511 - 525 523 523 521 521
23 525 - 510 533 529 524 515 523
24 535 526 - 533 537 529 - 532







1 - - - - - - - -
2 5 30 - 519 521 516 510 526 520
3 508 - - - 515 - 516 513
4 532 505 510 - 515 511 509 514
5 532 516 518 513 50 7 514 - 517
6 507 - 513 518 518 - 529 517
7 533 518 - 525 516
525
512 509 520
8 532 512 - 526 - 521 526 523




Block 7/2 4 7/25 7/26 7/27 7/28 7/29 7/30 Mean
9 
i n




ii 528 - 516 - - - 515 520
JL
13 532 - 515 - - - 518 522
14 534 524 - 522 - - 520 525
XD
16 - 516 510 515 - 514 518 515
17 525 517 - 521 510 516 - 518
18 529 517 - 524 523 513 514 520
19 528 519 525 - 526 508 523 522
20 527 518 519 520 - 518 530 522
21 525 519 - 526 52.0 514 - 521
22 - 521 52 7 528 - 530 - 527
23 537 518 523 526 - 533 526 527
24 534 524 520 - 518 523 527 524
25 537 531 525 525 522 528
3rd Observation (Week 12)
_________  Date _____________________
Block 8/25 8/26 8/27 8/28 8/29 8/30 8/31 Mean
Control
1 515 534 - 518 524 518 509 516




Block 8/25 8/26 8/27 8/28 8/29 8/30 8/31 Mean
3 - 492 - 497 518 520 520 509
4 - - - - - - - -
5 504 524 - - 519 520 521 518
6 529 524 511 510 503 - 519 516
7 - - - - - - - -
8 523 - - - 512 - 520 518
9 526 526 - 525 - 534 - 528
10 - 533 - 511 509 - 508 515
11 - 521 516 516 - 526 522 520
12 - 532 521 - - 521
508
522 521
13 526 526 516 525 515 — 529 523
14 523 523 - 519 522 520 524 522
15 514 523 526 - - - - 521
16 510 - 500 514 - - - 508
17 - - - - - - - -
18 - 501 - 522 - 517 - 513
19 517 537 - - 527 - 526 527
20 518 521 519 - - 511 525 519
21 - - - - - - - -
22 - 532 530 - 532 - 532 532
23 529 - 531 - 532 533 534 532
24 531 - 528 530 534 - 537 532




Block 8/2 5 8/26 8/27 8/2 8 8/29 8/30 8/31 Mean
25 526 — 524
E/E'-ddt
527 520 




1 - 518 518 514 523 - 52 7 
523
521
2 — — — 501 — — - 501
3 512 - 520 518 - - 515 516
4 - 515 524 517 - 526 - 521
5 - 496 - 494 - - - 495
6 - 523 519 525 520 - 521 522
7 513 508 507 - - - - 509
8 - - - - - - - -
9 507 - 512 - 516 - 510 511
10 - - 519 - 511 - 519 516
11 - 517 - 532 - - 525 525
12 518 519 - 525 - - - 521
13 - - 523 - 518 516 519
14 - 516 528 - 524 529 522 522
15 - - - 509 512 - - 511
16 - 521 - 512 510 514 526 517
17 - 521 520 - 521 - 525 522
18 523 528 - 526 530 525 519 525
19 527 522 525 - 523 523 531 525




Block 8/25 8/26 8/27 8/28 8/29 8/30 8/31 Mean
20 - - - - - - - -
21 523 529 - 522 527 521 - 524
22 - 520 524 - - 523 522 522
23 - 522 523 - 528 527 - 525
24 524 525 529 521 - 520 525 524
25 530 528 530 536 
R/E'-DDE (100 ppm)
529 531
1 - - 529 - - - - 529
2 - - - - - - _ -
3 518 513 514 - 519 514 519 5 IS-
4 514 - - - 503 - 512 510
5 - - - - - - 507 507
6 510 504 510 - 510 - 505 50 8
7 - 533 522 - 520 - 520 524
8 530 517 - - 503 509 516 515
9 511 - - - 511 - - 511
10 512 517 - 49 3 512 - 518 510
11 - 527 524 526 - 528 522 525
12 - 522 - - 528 - - 525
13 515 522 521 - 514 521 - 519
14 526 - 523 524 523 528 534 526




Block 8/25 8/26 8/27 8/28 8/29 8/30 8/31 Mean
15 - 524 517 528 - 518 526 523
16 - - - - - - - -
17 - 521 523 525 - 522 523 523
18 - 516 527 - 526 520 529 524
19 520 517 516 518 521 - 516 518
20 529 - - 524 526 - 531 528
21 - 527 - - 529 - 526 527
22 - 525 522 - 524 520 521 522
23 522
520
- 523 520 532 530 522 524
24 531 523 — 527 532 — 530 529
25 534 534 539 
Aroclor 1221 (100 ppm)
536 536
1 - - - - - - - -
2 532 527 525 524 - 520 527 526
3 - - - - - - -





5 — — _ — — — — “
6 514 - 524 522 520 514 514 518
7 520 526 - 518 526 - 519 522
8 - 516 520 514 - 515 521 517
9 522 523 519 527 - 525 521 523




Block 8/25 8/26 8/27 8/28 8/29 8/30 8/31 Mean
10 — — — — — - — —
11 517 517 - 515 520 514 - 517
12 514 494 522 - 521 515 - 513
13 - 519 525 - 524 523 527 524
14
1 K
- 529 530 528 - 522 521 525
ID
16 515 516 - 512 523 - 514 516
17 - 525 - - 514 515 512 517
18 521 513 - - 512 505 518 514
19 - 500 524 529 - 519 521 519
20 - 522 528 - 522 - 513 522
21 516 - 520 516 - 513 522 517
22 - - 508 526 - 517 525 519
23 526 522 526 524 - 521 528 525
24 525 529 - 527 529 - 519 526
25 526 531 521 _ 526 _ 528 526
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TABLE 4
SHELL THICKNESS OF EGGS FROM WHITE LEGHORN HENS 
FED VARIOUS ORGANOCHLORINES 
(EXPERIMENT II, 19 70)
WEEK 12
Date
Block 8/25 8/26 8/27 8/28 8/29 8/30 8/31 Mean
1 295 300
iControl
318 292 310 302 302
2 - - - - - - - -
3 - 30 7 - 279 340 328 310 312
4 - - - - - - - -
5 249 305 - - 272 290 297 282
6 287 325 305 279 307 - 292 300
7 - - - - - - - -
8 353 - - - 287 - 305 315
9 312 343 - 318 - 351 - 330
10 — 356 310 315 315 — 295 318
11 -
320
325 330 305 - 315 312 318
12 _ 391 328 340 320 325
13 367 330 345 345 340
246
348 345
14 343 345 - 351 353 328 315 340
15 312 282 345 - - - - 312
16 305 - 231 282 - - - 272




Block 8/25 8/26 8/2 7 8/28 8/29 8/30 8/31 Mean
17 - - - - _ - - -
18 - 323 - 341 - 348 - 338




310 310 323 - - 277 345 312
- 366 36 8 - 348 - 351 358
23 366 - 36 8 - 381 371 381 376
24 373 - 371 345 368 - 348 361
25 36 3 - 330 32 8 338 - 363 345
p,p'-DDT + Dieldrin (50 + 5 ppm)
1
2






3 302 - 284 292 - - 307 297
4 - 262 315 318 - 284 - 295
5 - 262 - 244 - - - 254




274 264 267 - - - - 269
279 - - - 267 - 282 277
10 - - 32 8 - 351 - 30 7 328




Block 8/25 8/26 8/27 8/2 8 8/29 8/30 8/31 Mean
11 - 338 - 356 - - 290 328
12 282 32 8 - 366 - - - 325
13 - - 307 - 254 - 305 290
14 - 320 39 4 - 340 345 348 351
15 - - - 262 305 - - 284
16 - 307 - 264 287 307 315 297
17 - 305 305 - 305 - 335 315
18 320 353 250 312 318 30 7 335 312
19 330 333 325 - 351 328 323 333
20 - - - - - - - -
21 328 361 - 363 348 366 - 353
22 - 325 333 - - - 325 328
23 - 335 353 - 348 363 - 351








1 - - - - - - - -
2 - - - - - - - -
3 307 305 312 - 312 30 7 312 310
4 310 - - - 302 - 338 318




Block 8/25 8/26 8/27 8/2 8 8/29 8/30 8/31 Me ai
5 - - - - - - 259 259
6 279 272 287 - 290 - 282 282
7 - 328 351 - 340 - 348 343
8 30 7 307 - - 218 262 274 274
9 234 - - - 249 - - 241
10 249 310 - 244 264 - 324 274
11 - 315 290 325 - 312 302 310
12 - 348 - - 305 - - 32 8
13 30 7 325 333 - 323 312 - 320
14 323 - 318 318 330 318 325 323
15 - 351 356 335 - 351 315 340
16 - - - - - - - -
17 - 307 315 30 7 - 328 287 310
18 307 315 363 - 320 333 353 333
19 348 318 318 312 325 - 340 328
20 328 - - 315 335 - 338 330
21 - 325 356 - 320 - 353 338
22 - 330 340 - 302 310 325 320
23 312
323
- 318 277 310 310 312 310
24 345 36 8 — 345 373 — 323 351
25 . . — _ 361 356 — 371 36 3
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TABLE 4 (Continued)
Block 8/25 8/26 8/27
Date
8/28 8/29 8/30 8/31 Mean
Aroclor 1221 (100 ppm)
1 - - - - - - - -
2 305 318 310 340 - 318 340 323
3 - - - - 19 3 - - 19 3





5 — — — — — — — —
6 338 353 348 353 340 312 343
7 - 343 - - 348 - 290 328
8 - 323 338
323
297 - 292 300 312
9 338 361 — 366 — 323 343 345
10 - - - - - - - -
11 307 320 - 315 328 318 - 318
12 284 221 318 305 310 274 - 284
13 - 320 351 - 353 338 363 345
14 305 366 338 358 - 338 325 338
15 - - - - - - - -
16 315 325 - 323 328 - 335 325
17 338 - - 328 325 340 333
18 325 325 - - 353 274 328 323
19 - 279 305 318 - 272 302 295
20 - 328 335 - 335 - 282 318




Block 8/25 8/26 8/27 8/2 8 8/29 8/30 8/31 Mean
2.1 302 - 282 325 - 287 300 30 0
22 - - 277 356 - 318 345 'L* J
23 328 335 340 351 - 366 340 343
24 30 7 345 - 318 343 - 335 330
25 333 328 333 — 340 _ 345 335
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TABLE 5
SHELL THICKNESS (MICRONS) OF EGGS FROM MALLARD 
DUCKS FED ORGANOCHLORINES (EXPERIMENT III,
1971)
1st Observation (February 11-18)
Date




2 30 7 30 7 325 325 312 307 287 295
315 282 305 307 312 30 7 320 297
- - - 320 320 - 333 -
3 302 - 323 305 312 292 315 307
295 - 259 307 295 318 302 29 7
241 - - 307 - - - -
4 267 292 282 282 297 284 287 29 7
- 206 - - - 284 - 30 5
5 287 310 325 310 328 315 333 333
315 340 315 323 328 320 340 340
- - 333 345 328 325 310 345
- - - 356 333 340 246 -
6 284 290 310 325 302 323 333 231
- 325 320 287 328 312 32 8 328
- - - - - 30 5 325 -




Replication 2/11 2/12 2/13 2/14 2/15 2/16 2/17 2/18
7 325 290 259 285 325 318 325 325
318 325 318 345 345 - 32 3 335
30 7 292 305 315 - - 30 7 310
- 340 - - - - 340 348
Aroclor 1221 (100 ppm)
277
1 - - - - - - - -
2 - 310 - - - - - -
3 300 310 318 - 315 305 305 305
297 30C 290 - 305 310 312 279
- - - - 325 292 - 312
4 264 259 305 295 307 234 310 333
- - 267 307 259 315 239 310
- - - - - - 330 302
- - - - - - 315 -
5 - - - - 287 272 32 8 2 82
- - - - - 292 - 257
- - - - - 328 - 282
6 325 328 357 330 338 343 305 328
325 - 353 330 345 315 - -
356 - - - - - - -




Replication 2/11 2/12 2/13 2/14 2/15 2/16 2/17 2/18
7 315 302 345 338 269 323 - 295
315 307 297 292 310 - - 302





1 - - - - - - - -
2 - - - - - - - -
3 - 234 - 269 211 211 272 211
- 231 - 239 249 251 - 229
- - - - 257 254 - -
4 279 213 267 254 244 - 249 259
244 - 241 244 284 - 249 231
- - - 272 - - 244 239
- - - 239 - - 251 -
5 208 - 251 - 254 216 259 2 39
- - - - 188 - - 254
- - - - 183 - - 218
- - - - 251 - - -
6 - 259 - 264 224 206 234 262
- - - - - 272 323 -




Replication 2/11 2/12 1/13 2/14 2/15 2/16 2/17 2/18
- _ - 208 320 -
7 203 208 254 236 188 208
231 196 - - - 211
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TABLE 5 (Continued)
2nd Observation (March 11-17)
Replication
Date
3/11 3/12 3/13 3/14 3/15 3/16 3/17
1 310 285
Control 
.TI0.. 323 297 318 302
- 320 - 318 315 - 32 3
- - - - 30 5 - 302
2 - 318 - 338 302 302 285
- - - - 290 315 -
- - - - - 320 -
3 305 320 307 302 310 323 320
- 30 7 315 310 259 297 297
- - - - 302 310 292
- - - - - 302 -
4 274 - 330 338 358 384 371
292 - 297 36 6 368 345 287
351 - 312 361 292 - -
5 312 315 302 318 320 338 345
335 - 327- 338 323 338 335
351 - 312 330 - 330 -
335 - 327 - - - -
- - 340 - - - -
6 323 292 335 - 320 279 333
320 30 7 287 - 292 - 287
332 287 315 - - - 34 8




Replication 3/11 3/12 3/13 3/14 3/15 3/16 3/17
335 338 277 — - — 290
325 323 343 333 345 335 356
338 340 345 340 335 333 361
340 338 343 358 343 348 -
310 366 320 - 312 348 -
338 - - - - - -
Aroclor 1221 (100 ppm)
- 312 330 - 328 325 272
- - 345 - 267 - -
292 335 338 - - 328 269
325 312 - - - 277 343
- - - - - 305 -
- - - - - 287 -
- - - - - 335 -
302 320 338 340 325 285 330
325 318 323 302 - 328 -
312 - 300 - - 323 -
- - 312 _ - - -
257 295 221 - 323 323 300 323
327 - 277 - 328 277 328
- - 315 - 292 - -
- - 318 - 290 - -
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TABLE 5 (Continued)
Date
Replication 3/11 3/12 3/13 3/14 3/15 3/16__3/17
5 - 323 320 281 330 - -
- 290 290 325 282 - -
- - - - 340 - -
6 356 340 335 340 340 318 333
320 312 356 307 312 345 295
- 345 310 348 - - -
- 312 - - - - -
- - - - - - -
7 332 318 287 290 330 300 330
338 318 338 285 - 29 7 323
- 302 318 318 - 318 -




1 241 216 234 231 218 249 241
244 234 - 226 236 - 218
- - - 241 - -
2 - 244 - 254 257 241 236
- 20 3 - 241 239 - 236
- 262 - - 259 - -
3 267 257 264 269 249 244 218
239 231 - - 274 - 241




Replication 3/11 3/12 3/13 3/14 3/15 3/16 3/17
231 - - - - - 267
4 249 2 39. 239 239 272 249 274
254 - 259 249 244 254 269
239 - - 287 231 279 -
- - - - 241 - -
5 264 267 218 254 264 295 218
254 239 - - - 264 269
6 252 274 221 272 295 249 285
224 221 264 241 249 239 236
- 216 - 257 231 252 231
- 234 - - 231 272 241
- - - - - - 267
7 254 244 211 221 211 239 249
254 269 211 211 226 236 -
- - 236 - - 244 -
_ _ 244 _ — -r. _
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TABLE 6
SHELL WEIGHT (gm) OF EGGS FROM MALLARD DUCKS
FED ORGANOCHLORT.NES (EXPERIMENT III, 19 71)
Rate Replication
Treatment (ppm) *«X 2 3 4 5 6 7
Control 0 4.79 4.85 5.05 4.9 3 5.74 4.87 5.44
Aroclor
1221
100 4.66 4.53 4.82 4.57 4.40 5.03 4.89
p,p'-DDE 40 3.79 3.80 3.91 3.67 3.91 3.81 3.72
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
168
TABLE 7
VOLUME OF EGGS (cc) FROM MALLARD DUCKS FED





(ppm) 3 4 5 6 7
Control 0 52.8 44.9 53.7 47.8 52.8
Aroclor
1221
100 51.0 47.8 46.9 50 .0 47.6





(ppm) 1 2 3 4 5 6 7
Control 0 49 .1 49.6 51.5 49 .2 56.3 46.3 51.3
Aroclor
1221
100 - 46.7 50 .8 47.5 48.3 47.1 49.2
EL/E'"DDE 40 47.5 46.7 52.5 47.9 49.2 46.3 44.6
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TABLE 8
WEIGHT OF EGGS (gm) FROM MALLARD DUCKS FED ORGANO-




(ppm) 1 2 3 4 5 6 7
Control 0 52.5 51.8 53.3 50 .3 57.3 49.9 53.3
Aroclor
1221
100 - 47.4 53.0 48.5 51.3 48.7 51.1
p,p '-DDE 40 48.6 48.9 52 .6 48.6 49.6 47.8 45.6
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TABLE 9
DENSITY (gm/cc) OF EGGS LAID BY MALLARD DUCKS





(ppm) 1 2 3 4 5 6 7
Control 0 1.07 1.04 1.04 1.02 1.02 1.08 1.04
Aroclor
1221
100 - 1.02 1.04 1.02 1.06 1.03 1.04
£,£'-DDE 40 1.02 1.05 1.00 1.01 1.01 1.03 1.02
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TABLE 10
MEAN CALCIUM CONTENT (gm) OF EGGSHELLS 




(ppm) 1 2 3 4 5 6 7
Control 0 1.77 1.80 1.87 1.82 2.07 1.80 1.96
Aroclor
1221
100 1.68 1.59 1.78 1.60 1.58 1.86 1.76
E'R,_dde 40 1.36 1.37 1.41 1.28 1.41 1.33 1.34
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TA B L E  1 1
TOTAL NUMBER OF CRACKED EGGS LAID IN 13 WEEKS
BY EACH HEN (EXPERIMENT II, 19 70)
Block Control p,p'-DDT + 
EFieldrin 





1 0 0 0 0
2 11 14 - -
3 1 2 1 27
4 0 0 0 4
5 0 1 0 1
6 0 0 1 0
7 - 6 0 1
8 0 2 1 2
9 - 0 8 -
10 0 0 0 -
11 0 0 0 0
12 0 2 0 2
13 - 1 0 4
14 0 0 0 0
15 0 9 0 -
16 6 1 2 0
17 0 0 0 0
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TABLE 11 (Continued)









18 0 1 0 1
19 0 0 0 0
20 0 - 0 0
21 - 0 0 0
22 0 0 0 1
23 0 0 0 0
24 - 0 0 0
25 0 0 1 0
TOTAL 18 39 14 43
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TABLE 12
TOTAL NUMBER OF SOFT-SHELLED AND EGGS WITHOUT 
SHELLS LAID IN 13 WEEKS BY EACH CHICKEN 
(EXPERIMENT II, 19 70)
Block Control P/R,-DDT + R'R'”DDE Aroclor 1221
Dieldrin ("100 ppm) (100 ppm)
( 5 0 + 5  ppm)
1 0 0 0 0
2 19 20 - -
3 4 0 0 7
4 0 0 0 4
5 0 0 2 0
6 0 0 0 0
7 - 7 0 0
8 1 6 0 0
9 - 0 3 -
10 0 0 0 -
11 0 5 0 0
12 5 15 1 19
13 - 3 0 0
14 0 0 1 0
15 2 3 0 -
16 4 0 0 0
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TABLK 12 (Continued)
Block Control £,£'-DDT + 
Dieldrin 





17 0 0 0 0
18 0 0 0 0
19 0 0 0 0
20 0 - 0 0
21 1 1 0
22 0 0 1 2
23 0 0 0 0
24 0 0 0
25 0 0 0 0
TOTAL 35 60 9 32
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TABLE 13
EGG PRODUCTION (NUMBER OP EGGS/WEEK) OF WHITE 
LEGHORN HENS FED VARIOUS ORGANOCIiLORINES 
(EXPERIMENT II, 19 70)
Week
Block. 1 2 3 4 5 6 7 8 9 10 11 12 13
1 5 6 6 6 6
Control 
6 6 6 7 6 7 6 6
2 3 4 4 6 3 5 4 5 5 6 4 6 5
3 5 4 6 6 3 6 5 8 8 5 6 5 6
4 0 0 0 0 0 0 0 0 1 0 0 0 0
5 6 5 4 4 5 4 5 5 5 5 4 4 4
6 6 6 6 6 4 5 5 6 6 4 6 5 6
7 a
8 6 6 2 5 6 5 7 5 5 6 4 5 3
9 a 
10 6 5 6 5 6 6 6 5 6 6 5 5 6
11 6 5 6 5 6 5 5 5 6 4 6 5 6
12 6 5 5 5 2 6 4 5 5 4 4 6 6
13 a
14 2 1 0 3 5 5 6 5 6 6 6 5 6
15 6 6 4 6 5 5 5 5 4 3 1 4 3
16 5 4 4 3 4 5 3 3 5 5 5 4 6
17 3 2 0 0 0 0 0 0 1 0 0 0 0
18 2 0 0 0 5 5 5 5 4 4 3 3 4




Block 1 2 3 4 5 6 7 8 9  10 11 12__ 13
Control
19 5 4 3 5 4 5 3 5 5 5 4 5 4
20 7 7 5 7 4 3 7 7 5  7 7 7 4
21a
22, 4 4 5 5 5 5 5 4 5  5 5 5 5
23 5 6 5 6 5 5 5 5 5  6 4 5 5
24a
25 6 5 6 5 6 5 6 5 6  6 5 6 5
Total 
crack­













1 6 6 6 6 6 6 6 6 6 6 7 5 6
2 2 3 5 4 4 4 1 6 4 4 3 3 4
3 6 5 5 6 6 5 5 5 5 6 5 6 6
4 6 6 5 5 6 6 5 5 5 6 5 4 5
5 3 3 1 1 4 2 2 2 1 2 3 1 3




Block 1 2 3 4 5 6 7 8 9 10 11 12 13
6 0 4 1 3 4 6 5 5 6 5 6 5 6
7 7 6 6 6 5 6 6 6 6 5 6 5 3
8 0 0 0 0 0 1 2 1 1 3 2 0 0
9 3 5 4 4 6 5 4 3 5 5 5 4 4
10 5 5 5 4 5 3 4 4 4 0 1 4 4
11 5 6 5 4 5 6 3 5 5 6 7 5 4
12 6 6 6 6 5 5 5 6 5 5 3 5 6
13 6 4 6 5 5 4 5 6 5 5 . 4 5 4
14 5 7 5 6 6 5 6 6 6 5 6 4 6
15 3 6 5 0 0 5 5 5 5 5 4 2 6
16 7 6 5 5 5 5 5 5 5 5 6 3 5
17 5 5 5 5 5 5 5 5 4 5 4 4 5
18 6 7 5 6 5 6 6 5 6 6 5 6 5
19 6 6 5 6 5 5 5 5 5 4 6 5 5
20 a
21 6 6 5 6 6 6 6 5 6 6 5 6 5
22 6 5 5 5 5 6 5 5 5 6 5 5 5
23 5 6 5 4 5 5 6 5 5 5 5 5 5
24 6 6 4 6 6 5 6 6 5 6 5 6 5




2 3 5 2 2 3 1 2 5 3 4 3 4













0 1 5 2 4 8 5 10 5 5 4 5 5






0 0 0 0 0 0 0
2 a
3 5 5 6 6 5 5 6 6 6 6 6 6 6
4 1 3 5 4 3 3 5 2 3 4 4 5 2
5 0 4 2 3 1 3 3 1 5 3 2 0 2
6 6 5 6 5 5 4 4 6 3 3 5 5 4
7 4 2 0 1 0 1 1 3 2 4 4 4 4
8 6 2 6 4 5 2 4 4 4 6 4 4 4
9 6 5 5 5 4 5 4 3 4 5 5 4 3
10 6 5 6 5 4 4 5 5 6 5 5 4 5
11 6 6 6 6 5 5 5 0 0 3 5 5 6
12 5 5 5 6 5 5 4 5 5 5 5 3 3
13 5 6 5 6 5 6 4 5 5 5 6 5 5
14 5 6 5 6 4 5 5 5 5 6 5 6 5
15 5 4 5 5 5 5 4 4 5 4 4 4 ’ 6




Block 1 2 3 4 5 6 7 8 9 10 11 12 13
16 6 5 5 5 6 5 4 5 2 0 0 0 0
17 7 5 6 6 5 5 6 5 6 6 5 4 6
18 5 6 5 5 5 4 5 5 5 4 5 4 5
19 6 7 6 6 6 6 6 6 6 6 5 6 6
20 6 5 5 6 5 5 5 4 6 5 6 5 4
21 5 5 4 4 5 5 5 5 4 4 5 5 5
22 6 6 5 5 5 5 5 4 5 5 5 4 5
23 6 6 5 6 6 4 6 6 6 6 6 7 5




5 6 5 G 5 4 5 5 5 5 4 5 4











1 0 0 0 0 0 0 0 0 0 0 0 0 0
23
3 7 6 6 6 3 5 6 6 4 5 4 4 5
4 2 0 0 5 6 6 6 6 6 5 4 6 7
5 7 6 6 6 5 6 7 6 6 5 6 4 0




Block 1 2 3 4 5 6 7 8 9 10 11 12 13
6 0 0 0 0 0 1 0 4 5 7 6 7 6
7 5 5 5 6 5 6 5 5 5 4 5 5 5
8 5 4 2 0 2 5 5 5 5 6 5 5 4
9 a 
10 a 
11 5 5 5 5 5 2 4 3 4 5 5 5 4
12 6 6 5 6 6 5 2 3 6 3 5 5 5
13 5 6 5 4 6 4 6 3 5 5 4 4 5
14 5 5 5 6 5 5 5 5 5 5 5 5 5
15a
16 5 5 5 6 5 5 5 5 5 6 4 5 5
17 5 5 5 6 6 5 6 6 5 4 6 4 4
18 6 6 6 6 5 6 5 6 6 6 6 4 6
19 6 6 5 6 5 6 5 6 6 5 6 5 5
20 4 5 5 5 6 5 5 5 3 6 5 5 5
21 6 6 5 5 5 6 5 5 5 5 5 5 5
22 5 4 5 6 4 6 1 5 5 5 4 4 5
23 6 6 6 6 6 6 5 6 6 6 6 5 6
24 5 6 6 6 5 6 5 5 5 5 6 5 5
25 5 6 6 5 4 5 5 6 5 4 5 5 5
Total
crack­
ed 1 3 4 2 2 2 4 2 6 4 2 0 4











shell- C 1 0 3 2 7 2 5 5 2  2 2 1
ed
a Hen died during the course of the experiment and egg 
production data was not considered in determining 
weekly egg production.
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TABLE 14
DAILY EGG PRODUCTION OF MALLARD DUCKS FED 
ORGANOCHLORINES (EXPERIMENT III, 19 71)
Replication
Date 1 2 3 4 5 6 7
2/11 0 2
Control
3 1 2 1 3
2/12 0 2 0 2 2 2 4
2/13 0 2 2 1 3 2 3
2/14 0 3 3 1 4 2 3
2/15 0 3 2 1 4 2 2
2/16 0 2 2 2 4 3 2
2/17 1 3 2 1 4 3 2
2/18 1 2 2 2 3 3 4
2/23 & 2/24 3 0 5 7 6 7 6
2/25 1 1 3 3 2 2 4
2/26 2 2 1 3 3 5 3
2/27 3 1 2 5 4 4 3
2/28 0 2 3 2 1 3 3
3/1 3 3 4 2 2 2 7
3/2 3 3 2 2 4 3 4
3/3 1 1 3 2 0 3 0
3/4 3 3 0 0 1 5 5
3/5 3 3 2 2 5 3 3
3/6 2 4 2 3 2 4 2
3/7 0 3 1 2 1 2 3
3/8 2 3 2 3 4 4 5
3/9 2 2 1 2 2 3 2
3/10 0 1 2 2 3 3 4
3/11 1 0 1 3 4 4 5
3/12 2 1 2 0 1 4 4
3/13 1 0 2 3 5 4 4
3/14 2 1 2 3 3 0 3
3/15 3 2 3 3 2 2 4
3/16 1 3 4 2 3 1 4
3/17 3 1 3 2 2 4 2
3/18 3 4 2 3 4 2 1




Date 1 2 3 4 5 6 7
Aroclor 1221 
(100 ppm)
2/11 0 0 2 1 0 3 2
2/12 0 1 2 1 0 1 3
2/13 0 0 2 2 0 2 2
2/14 0 0 0 2 0 2 4
2/15 0 0 3 2 1 2 4
2/16 0 0 3 2 3 2 1
2/17 0 0 2 4 1 1 0
2/18 0 0 3 3 3 1 2
2/23 & 2/24 3 4 1 7 1 3 3
2/25 1 3 0 4 0 4 2
2/26 2 1 0 4 1 4 1
2/27 0 3 2 3 0 1 .1
2/28 0 1 2 3 2 4 2
3/1 1 3 2 3 0 5 2
3/2 0 3 2 4 2 2 3
3/3 0 1 1 0 0 0 0
3/4 0 3 1 1 1 4 3
3/5 0 0 3 0 1 1 1
3/6 0 3 1 1 2 u 2
3/7 0 1 0 0 1 1 0
3/8 1 1 3 1 0 3 2
3/9 0 1 1 1 1 2 1
3/10 0 0 0 3 1 2 1
3/11 0 2 3 2 0 2 2
3/12 1 2 2 1 2 5 4
3/13 2 1 4 4 2 3 3
3/14 0 0 2 1 2 3 4
3/15 1 2 1 2 0 2 2
3/16 1 5 3 2 0 2 3
3/17 2 0 1 4 3 2 1
3/18 1 1 3 5 2 4 3




Date 1 2 3 4 5 6 7
w-DDEppm)
2/11 0 0 0 2 1 0 2
2/12 0 0 2 1 0 1 0
2/13 0 0 0 3 1 0 0
2/14 0 0 2 4 0 1 2
2/15 0 0 3 2 4 1 1
2/16 0 0 3 0 1 3 1
2/17 0 0 1 4 1 3 1
2/18 0 0 2 3 3 1 2
2/23 & 2/24 2 3 3 5 3 4 2
2/25 1 1 3 3 2 2 2
2/26 2 2 2 4 3 3 3
2/27 1 0 1 3 2 3 2
2/28 2 0 1 3 2 4 2
3/1 1 0 1 2 2 1 2
3/2 2 1 3 4 2 2 4
3/3 0 0 0 1 2 0 1
3/4 1 1 2 4 2 5 2
3/5 2 1 3 3 3 2 3
3/6 3 1 3 4 1 2 7
3/7 2 0 2 2 2 3 3
3/8 2 2 2 2 2 4 3
3/9 1 2 0 2 3 3 2
3/10 4 1 1 3 1 3 0
3/11 2 0 3 3 2 2 2
3/12 2 3 2 1 2 4 2
3/13 1 0 1 2 1 2 4
3/14 2 2 1 3 1 3 2
3/15 3 3 A 4 1 4 2
3/16 1 1 1 3 2 4 3
3/17 2 2 3 2 2 5 1
3/18 4 2 4 1 1 5 4
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TABLE 15
CARBONIC ANHYDRASE ACTIVITY (ul/C02) measured 
IN UTERINE TISSUE OF NEW HAMPSHIRE HENS 
FED VARIOUS ORGANOCHLORINES 
(EXPERIMENT I)
Bird





TlCFO ppm) (100 ;
1 6 .63 3.74 4.90 5.88 4.48
2 4.46 4.54 4.56 2.98 5.52
3 5.49 4.84 5.57 5.03 5.59
4 5.61 6.07 5.22 6.43 6.30
5 5.96 4.01 6.05 3.96 5.51
6 6.23 6.03 4.86 4.07 5.08
7 4.05 4.32 5.18 5.92 4.18
8 4.75 6.38 4.86 4.35 5.28
9 5.86 5.55 5.84 5.46 4.95
10 5.91 - 4.72 3.65 4.37
11 5.99 - 5.20 5.71 -
Mean 5.54 5.05 5.18 4.86 5.13
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TABLE 16
CARBONIC ANHYDRASE ACTIVITY (ul/C02) MEASURED 
IN UTERINE TISSUE OF WHITE LEGHORNS HENS 
FED VARIOUS ORGANOCHLORINES 
(EXPERIMENT II)







1 8.49 9 .55 8.16 -
2 9 .16 8.55 - 8.28
3 8.77 7.57 8.26 8.41
4 - 8.10 7. 9.19
5 8.81 9.02 8.50 6.81
6 8.82 7.66 8.51 8.48
7 - - 8.84 8.58
8 8.78 8.33 7.87 7.56
9 7.65 8.99 7.43 8.65
10 9 .29 9.27 8.10 -
11 7.88 9.38 7.94 7.50
12 9.33 7.79 7.78 9.93
13 8.77 9 .35 8.44 8.66
14 9.14 8.85 7.71 7.89
15 7.81 7.34 9.71 -
16 8.55 8.08 - 9.00
17 8.19 9.36 7.47 8.75












18 10.33 8.90 8.35 8.45
19 8.39 8.67 7.85 8.03
20 - - 10 .03 9.53
21 - 8.62 9.38 8.36
22 9.14 9.15 9.02 8.90
23 8.58 8.51 8.50 9.42
24 8.22 9.25 8.99 8.71
25 8.31 9.07 8.88 9.05
Mean 8.69 8.67 8.41 8.55
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TABLE 17
CARBONIC ANHYDRASE ACTIVITY (ul/CO ) MEASURED 









1 10.25 10.66 9 .50
2 10 .40 9.91 10 .58
3 10.40 9.16 9 .54
4 9.01 8.75 8.79
5 10.17 8.30 7.85
6 10.06 10.32 10.25
7 11.15 9.87 10.70
Mean 10.21 9.57 9 .60
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TABLE 18
PERCENTAGE CALCIUM IN FEMURS OF NEW HAMPSHIRE 
HENS FED VARIOUS ORGANOCHLORINES 
(EXPERIMENT I)
Bird Control Dieldrin 
Number (10 ppm)






1 23.8 23.4 21.7 22.4 24.4
2 23.3 16.3 25.2 16.1 22.3
3 20.7 19 .2 21.7 23.4 23.5
4 24.0 31.6 24.6 19.9 20.9
5 22.4 14.9 25.3 23.4 21.5
6 22.4 23.4 22.3 ~ 16.4
7 24.2 18.5 22.5 15.9 21.2
8 24.3 22.9 23.3 22.5 31.9
9 26.6 24.5 18.7 23.5 16.0
10 23.7 24.8 17.3 15.9 21. 8
11 18.3 - 20.5 24.0 19 .9
Mean 23.05 21.95 22.10 20.69 21.80
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TABLE 19
EMBRYONATION AND HATCH OF EGGS AND SURVIVAL 








1st Observation (week 3)
Control 28 24 20 20
Dieldrin 28 23 20 19
£,£*-DDE 27 21 19 19
o ,£'-DDT 28 20 18 17
JD/P'-DDT 27 21 20 19
2nd Observation (week 7)
Control 25 18 16 16
Dieldrin 15 12 10 10
£,£'-DDE 23 19 15 15
o,p'-DDT 29 26 22 22
£,£'-DDT 30 25 24 24
3rd Observation (week 11)
Control 30 27 25 25
Dieldrin 14 11 9 9
£,£'-DDE 20 16 13 13
o ,£'-DDT 29 26 22 22
£,£*-DDT 23 15 14 14
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Injection of Massive Doses of Selected Chemicals 
into White Leghorn Hens and Their Effect on 
Eggshell Strength and Carbonic 
Anhydrase Activity
The effect of selected insecticides and a known 
carbonic anhydrase inhibitor (sulfanilamide) on eggshell 
strength and carbonic anhydrase level of the shell gland 
was studied by administering one massive dose of these 
compounds to White Leghorn hens (Table 20). The compounds 
were dissolved in acetone and dispersed in small quanti­
ties of corn oil and administered either orally or 
intraperitoneally. For oral administration a syringe with 
a tygon tubing attached was used. The tube was inserted 
down the oesophagus of the chicken and the contents in the 
syringe discharged. In intraperitoneal administration the 
chemical-corn oil mixture was injected from the venter of 
the chicken into the abdominal cavity by means of a syringe 
and an 18-gauge 3 inch hypodermic needle. The compound, 
dosage administered, and means of administration are 
listed in Appendix Table 20, with corresponding data on 
shell thickness and carbonic anhydrase levels when 
determined.
Of the compounds tested, only sulfanilamide (a known 
carbonic anhydrase inhibitor) at 200 and 400 mg/kg and
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Omite^ at 500 mg/kg caused the production of eggs with 
no shells.
Sulfanilamide at 400 ppm also drastically 
inhibited carbonic anhydrase activity.
























Mean Shell Strength (cpn : 
(No. of £ggs)m/ 
Days After Treatment
I0-5) Carbonic Anhydrase 
(ulCO, evolved) 
Days After Treatment 
1 2  3 '










• “ 4.36 4.89 4.36 4.45








- - 4.88 4.22 4.10 4.19














4.77 4.25 4.05 3.89







(2) ' ■ ‘ 4.02 4.29 ** ‘






- - - - 3.86 4.29
Test 3 (April 15, 1970)
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Mean Shell Strength (9po x 
(No. of Eggs)—'
Davs After Treatment
103) Carbonic Anhydrase 
(ulC02 evolved) 
Davs After Treatment0 1 2 3 4 5 6 7 1 2  3 4
4 I Aroclor 1221 400 539 524 533 529 533 531 525 525
(2) (2) (2) (2) (1) (3) (4) (3)
4 I Aroclor 1221 + 400 + 400 534 527 518 522 518 518 518 519
(3) (2) (3) (1) (2) (3) (1) (2)
Test 8 (June 11. 1970)
4 0 Carbaryl 250 512 495 503 507 509 511 521 516
(4) (3) (2) (2) (5) (3) (4) (3)
4 0 Dursban® 50 527 513 513 524 525 528 530 533
(3) (4) (1) (3) (3) (4) (3) (2)
4 0 Arinophosmethyl 5 509 511 513 508 513 509 522 514
(3) (3) (4) (2) (4) (4) (3) (2)
Test 9 (Aueust 7, 1970)
4 - None - 518 518 514 517 520 518 518 519
(3) (3) (3) (3) (4) (2) (4) (4)
4 0 Mir ex 200 505 510 506 509 516 515 _
(5) (1) (3) (4) (4) (2)
4 0 Tetradifon 500 _ 506 517 505 502 504 508 _
(4) (3) (4) (2) (3) (4)
4 0 Onit^® 500 _ 489 497 486 494 511 501 _
(4) fib lu& [o> (1)
1/0 = Oral; I ** Xntraperitoneal
2/Nuabers in parentheses indicate number of eggs produced. 
2/Numbers in bracket indicate: cracked/no shell
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